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PREFACE 

This  Manual  Is  Intended  to  provide  a  pocket-sized  compendium  of  current 
available  knowledge  concerning  the  physical  and  chemical  properties  of  the 
earth's  atmosphere.  It  has  been  derived  principally  from  the  Defense  Nuclear 
Agency's  "Reaction  Rate  Handbook  (Revised  Edition)  ",  DNA  Publication 
1948II,  and  from  other  sources,  annotated  within  each  presentation  according 
to  a  letter  code,  as  follows: 


V 


r; 

ii 


*'■ 

's.y 

K 

i 

US' 

d*. 

C»  I. 


>*•/ 

.r; 


r: 


Code  D  -  Courtesy  of  Bell  Telephone  Laboratories. 

Code  E  -  From:  Aids  for  the  Study  of  Electromagnetic 
Blackout,  W.S.  knnppandP.G.  Fischer, 
DASA  2499  (1970).  * 

Code  L  -  Courtesy  of  Lockheed  Palo  Alto  Research 
Laboratory. 

Code  R  -  From:  DNA  Reaction  Rate  Handbook,  Second 
Edition,  Eds.  M.1I.  Bortner  and  T.  Baurer, 
DNA  194811  (1972).  * 

«  Code  S  -  Courtesy  of  Santa  Barbara  Research  Center. 

Code  T  -  From:  The  Trapped  Radiation  Handbook, 

Eds.  J.M.  Oladls,  G.T.  Davidson,  and 
L.L.  Newkirk,  DNA  2642II  (1971).* 


The  Defense  Nuclear  Agency  wishes  to  express  its  appreciation  to  the 
above-mentioned  individuals  and  organizations,  as  well  as  to  all  contributors 
to  DNA's  "Reaction  Rate  Handbook"  (DNA  194811)  and  "Trapped  Radiation 
Handbook"  (DNA  254211),  for  their  assistance  and  cooperation  in  the  creation 
of  tills  Manual. 

Suggestions  for  its  Improvement  or  revision,  or  other  comments,  should 
be  addressed  directly  to  the  DNA  Project  Officer  as  follows: 

Defense  Nuclear  Agency 

Washington,  D.  C.  20305 

Attn:  Dr.  Charles  A.  Blank,  RAAE 

It  is  anticipated  that  changes  of  this  nature  will  be  in  order  from  time  to  time 
as  a  means  of  keeping  the  contents  up-to-date;  these  will  be  distributed  as  the 
need  warrants. 


♦The  number  following  these  source  code  letters  used  in  this  Pocket  Manual 
refers  to  the  section  or  chapter  of  the  source  from  which  the  information 
was  derived. 
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SECTION  A 


ATMOSPHERIC  CHARACTERISTICS 


1.  Structure 

2.  Composition 

3.  Energy 

4.  Transport  properties 

5.  Chemical  effects 


PRESSURE  SCALE  HEIGHT  (km) 

Figure  A.  i-1.  Pressure  scale  heights 
of  the  mean  CUtA  atmosphere. 

(Source:  R-2,  Figure  1) 


LOG  PRESSURE  (newtons/m2) 


Figure  A.  1-2.  Pressure  curve  of  the  mean  atmosphere, 
from  25  to  500  km.  (Source:  R-2,  Figure  4) 
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ATMOSPHERIC  CHARACTERISTICS 


LOG  DENSITY  (kg/m3) 


Figure  A.  1-3.  Mean  CIRA  densities  and  curves  of  extreme 
densities.  (Source:  R-2,  Figure  6) 


Figure  A.  1-4.  Mean  molecular  weights  of  mean 
CIRA  atmosphere.  (Source:  R-2,  Figure  6) 


X  MEDIAN 


Figure  A.  1-5.  Densities  relative  to  mean  CIRA  exceeded  50,  10,  and  1% 
of  the  time  during  months  with  highest  densities  and  densities  exceeded  50, 
90,  and  99%  of  the  time  during  months  with  lowest  densities  at  latitudes 
between  0»  and  80*  N.  (Source:  R-2,  Figure  11) 
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ALTITUDE  (km) 

Figure  A.  1-8.  Variation  of  atmospheric  mean  molecular  weight  with  solar  activity. 
(Source:  E-8,  Figure  5) 
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Figure  A.  1-9.  Variation  of  scale  height  with  sclar  activity.  (Source:  E-8,  Figure  6) 
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Table  A.  1-1.  Mean  Reference  Atmosphere  structure 
parameters,  25  to  120  km.  (Source:  R-2,  Table  1) 


MOLEC 

HEIGHT  TEMP  DENSITY 

KM  K  *G/MJ 


25 

221.7 

3.899E-02 

26 

223.6 

J. J27E-02 

2T 

7  25.1 

2.8 JBE-02 

26 

226.9 

2 . 627E-02 

29 

228.7 

2.075E-02 

JO 

230.7 

I.776E-02 

J) 

232.6 

1 .52  IE-02 

32 

236.6 

1 . J06E-02 

33 

236.8 

1.1 19E-02 

36 

2J9.1 

9.638E-03 

J> 

261.5 

8.27VE-0J 

36 

266.6 

7 • 129E-0J 

3  f 

267.2 

6. 1 J8E-0J 

3# 

250.  a 

5.297E-0J 

39 

252.7 

6 . 58  IE-0 J 

60 

255.3 

J.972E-03 

61 

258.5 

J.66JE-0J 

62 

261.3 

2.992E-03 

63 

263.8 

2.606E-03 

66 

266.0 

2.280E-0J 

65 

267.7 

l .995E-0J 

66 

269.6 

1.7501-03 

6  7 

2  70.7 

l .5 J8E-03 

68 

271.6 

1 • 355E-OJ 

69 

271.7 

1 . 196E-0J 

50 

271.6 

l.OME-OJ 

51 

270.6 

9.J76E-06 

52 

269.6 

8.31 BE-06 

53 

267.8 

7 . J79E-06 

56 

266.0 

6.566E-06 

55 

263.9 

5.821E-06 

56 

261.2 

5* 1 76E-06 

57 

258.3 

6.603E-06 

58 

255.6 

6.06JI-06 

59 

252.6 

J.622E-06 

60 

269.3 

J.206E-06 

61 

266.0 

2.B38E-06 

62 

262.7 

2.5I2E-06 

63 

239.6 

2.21JE-06 

66 

236.1 

I.950E-06 

65 

232.7 

1.71SE-06 

66 

229.0 

1.510E-06 

67 

225.5 

1 . 32  IE-06 

68 

222.2 

1 . 156E-06 

69 

219.1 

1.007E-06 

70 

216.2 

8.77OE-05 

71 

213.7 

7 . 586E-05 

72 

211.3 

6.S61E-05 

LOG 

LOG  DEN  PRESSURE  PRESSURE 
(KG/MJl  NT/MJ  INT/M2I 


-1.609 

2.683E-03 

3.395 

-1.678 

2.I33E.03 

3.329 

-1.567 

I.832E.03 

3.263 

-1.615 

I.578E.0J 

3.198 

-1.683 

I.361E.03 

3.136 

-1.751 

I.175E-03 

3.070 

-1 .816 

I.016E.03 

3.007 

-1.886 

6.790E*02 

2.966 

-1.951 

7.62 IE« 02 

2.882 

-2.016 

6.607E»02 

2.620 

-2.062 

5. 76 1E*02 

2.759 

-2.167 

5.000E.02 

2.699 

-2.212 

6. 355k*02 

2.639 

-2.276 

3.602E.02 

2.580 

•2.339 

3.327E.02 

2.522 

-2.601 

2.91IE.02 

2.666 

-2.663 

2.553E-02 

2.607 

-2.526 

2.266E-02 

2.351 

-2.586 

1.972E*02 

2.295 

•2.662 

1,7 J8E*02 

2.260 

-2.700 

1.5 35E-02 

2.186 

-2.757 

1. J52E*02 

2.131 

-2.813 

I.196E*02 

2.077 

-2.868 

1.056E.02 

2.023 

-2.923 

9. JJ3E.01 

1.970 

-2.976 

S.26|E»0l 

1.916 

-3.028 

7.278E*01 

1.862 

-3.080 

6.627E.01 

1.808 

-3.132 

5.675E»01 

1.756 

-3.186 

5.000L*01 

1.699 

-3.235 

6.606E*01 

1.666 

-3.266 

J.882E»01 

1.589 

-3.337 

3.612E.01 

1.533 

-3.389 

2,992E*0l 

1.676 

-3.661 

2.626E.01 

1.619 

-3.696 

2. 296k. 01 

1.361 

-3.567 

2.006E.01 

1.302 

-3.600 

1.750E.01 

1.263 

-3.655 

1.521E.01 

1.182 

-3.710 

I.J21E.01 

1.121 

-3.765 

1.166k. 01 

1.059 

-3.821 

9.90BE.00 

.996 

-J.679 

8.570E.00 

.933 

-3.937 

7. J79E.00 

.668 

-3.997 

6.3J9E.00 

.802 

-6.057 

5.665E.00 

.736 

-6.120 

6.656E.00 

•  666 

-6.193 

3 . 98  Ik* 00 

.600 

NUMBER  PRESSURE 


DENSITY 

SCALE 

G 

/MJ 

HT  KM 

M/SEC2 

8.11 1 E ♦ 2  3 

6.55 

9.716 

6.916E«23 

6.60 

9.716 

S»902E«23 

6.65 

9.710 

5.062E-23 

6.71 

9.707 

6.31  IE-23 

6.77 

9.706 

J.690E«2J 

6.83 

9.701 

3. 162E-23 

6.89 

9.696 

2.71JE«23 

6.95 

9.695 

2.329E.23 

7.01 

9.692 

2.002E*23 

7.06 

9.689 

l.722E*2J 

7.16 

9.686 

1 .681E-23 

7.25 

9.663 

1.277E.23 

7.33 

9.680 

1.102E.2J 

7.62 

9.677 

9.5J6E»22 

7.50 

9.676 

B.265E*22 

7.58 

9.671 

7 . |60E*22 

7.68 

9.668 

6.222E-22 

7.76 

9.665 

5.622E*22 

7.86 

9.662 

6,TJ7E»22 

7,90 

9.659 

6.168E*22 

7.96 

9.656 

3.637E-22 

8.01 

9.653 

3.197E*22 

8.05 

9.650 

2.616E-22 

6.08 

9.667 

2.665E«22 

8.09 

9.666 

2.198E-22 

8.09 

9.661 

l .969E*22 

8.06 

9.638 

1.729E.22 

8.03 

9.639 

1 .5 J*E*22 

7.98 

9.632 

l.362E»22 

7.93 

9.629 

1.2 10E  *  2  2 

7.87 

9.626 

1.076E«22 

7.79 

9.62  3 

9.56JE»2l 

7.71 

9.620 

B.689E-21 

7.62 

9.617 

7.528E.21 

7.56 

9.616 

6.669E»21 

7.65 

9.611 

5.906E*2l 

7.35 

9.608 

5.219E«21 

7.25 

9.605 

6.606E«2I 

7.16 

9.602 

6.057E»2 1 

7.06 

9.599 

3.566E-21 

6.96 

9.596 

3.1 J7E*2l 

6.85 

9.593 

2.751E*2l 

6.75 

9.590 

2.606E*2t 

6.65 

9.587 

2.096E»2t 

6.56 

9.586 

1.822E.21 

6.68 

9.581 

t.57SE»2t 

6.61 

9.578 

1.366E«21 

6.36 

9.575 

Table  A.  1-1.  (Continued) 


KOLEC 

HEIGHT  TEHP 
KM  K 


density 

KG/M3 


l  or,  DEN 

IKG/MSI 


209.1 

20T.0 

20S.0 

203.0 

201.0 

199.0 

19T.0 

199.0 

193.0 

191.0 

169.0 

187.1 

189.1 

I8«.8 

180.9 

180.2 
180.0 

183.8 
180.6 

189.6 

186.7 
188.0 

190.3 
192.0 

190.9 

197.1 

200.3 

203.9 

207.3 

211.6 

216.7 

221.7 
228.0 

230.2 
201*1 
208.6 

296.8 

269.9 

270.9 
280.8 

299.1 

309.9 

317.1 

329.2 

301.6 

390.3 
366. V 
380.6 


9.662E-09 

0.6T9E-09 

0.176E-09 

3.98IC-09 

3.069E-09 

2.620E-09 

2.239E-09 

I .909E-03 

I.622E-09 

I.S77E-09 

1.167E-09 

9.863E-06 

8.337E-06 

6.982E-06 

9.83OE-06 

0.879E-06 

0. OTOE-06 

3.396E-06 

2.829E-06 

2.390E-06 

1.990E-06 

1.622E-06 

I.303E-06 

1.U9E-06 

9.31  IE-07 

T.T09E-OT 

6.002E-07 

9.297E-0T 

4.399E-0T 

3.608E-OT 

3.062E-0T 

2.982E-07 

2.1T3E-OT 

1.I01E-OT 

1.960E-07 

1.32TE-OT 

1.130E-07 

9.661E-0I 

6.2T9E-08 

7.129E-08 

6.166E-08 

9.3O6E-0I 

O.6O9E-08 

O.03SE-0* 

3.308E-08 

3.126E-08 

2.761E-08 

2.038E-08 


-0.207 

-0.312 

-0.379 

-0.006 

-0.913 

-0.981 

-0.690 

-0.720 

-0.790 

-0.861 

-0.933 

-9.006 

-9.079 

-9.196 

-9.230 

-9.312 

-9.390 

-9.069 

-9.909 

-9.629 

-9.710 

-9.790 

-9.172 

-9.991 

-6.031 

-6.111 

-6.191 

-6.276 

-6.361 

-6.038 

-6.910 

-6.988 

-6.663 

•6.739 

•6.607 

•6.177 

-6.907 

•7.019 

-7.062 

-7.107 

•7.210 

-7.272 

-7.333 

-7.392 

-7.090 

-7.909 

-7.999 

•7.613 


PRESSURE 

NT/M2 


3.396E»00 
2.89lE«00 
2.060E*00 
2,089E»00 
I . T70E  *00 
1.096E*00 
1,269E*00 
1.06TE*00 
8.970E-0I 
7.991E-01 
6.320E-01 
3.297E-01 
0.026E-01 
3.698E-01 
S.090E-01 
2.976E-01 
2.IO8E-01 
1.T99E-01 
1.096E-01 
1.290E-01 
1.009E-01 
8.790E-02 
7.309E-02 
6.166E-02 
9.200E-02 
0.369L-02 
3.707E-02 
3.090E-02 
2.98BE-02 
2.218E-02 
1.909E-02 
I.600E-02 
I.022E-O2 
1.236E-02 
1.079E-02 
9.062E-03 
6.S37E-03 
7.362E-03 
6.906E-03 
9.I30E-OS 
9.220E-O3 
0.688E-03 
0.236E-03 
3.637E-03 
3.083E-03 
3. 1 77E-03 
2.9O0E-O3 
*  _ 


LOG 

NUMBER 

PRESSURE 

PRESSURE 

DENSITY 

SCALE 

(NT /M2I 

/m3 

HT  KM 

.931 

1.1TTE*21 

6.27 

.061 

1.013E-2 1 

6.21 

.391 

6.696E*20 

6.19 

.320 

T,099E*20 

6.09 

.208 

6. 38  IE*  20 

6.00 

.179 

9.053E*20 

9.98 

.102 

0.693E»20 

9.92 

.028 

3.960E*20 

9.86 

G 

M/SEC2 


-.007 

-.122 

-.199 

-.276 

-.390 

-.032 

-.910 

-.989 

-.666 

-.706 

-.629 

-.903 

-.911 

-1.098 

-1.130 

-1.210 

-1.2(0 

-1.391 

-1.031 

-1.910 

-1.987 

-1.690 

-1.720 

-1.7(0 

-1.(07 

-1.908 

-1.967 

-2.020 

-2.079 

-2.133 

-2.1(0 

-2.230 

-2.2(2 

-2.329 

-2.373 

-2.016 

-2.098 

-2.098 

-2.937 

-9.4T4 


2,(60E*20 

Z.02BE»20 

2.099E»20 

1.736E*20 

1.093E»20 

1,2I5E»20 

1.019E*20 

6.0(2E*I9 

T.0(TE»19 

9.890EM9 

0.901EM9 

0.072E*  19 

3.3B6E* 19 

2.808EM9 

2.300E*19 

1.992E»19 

|.630E«19 

1.362E»19 

1.129E»19 

9.309E«1( 

T.896E»I( 

6.630E*  18 

9.628E*  1 8 

0.768E*18 

0 .060E4  1 8 

3.063E*  18 

2.961E*  18 

2.9  38E*  1 8 

2.182E*18 

1 .88  IE*  18 
l .627E*  1 8 
1.013E»18 
1.231E»l( 
1.076E* 18 
9.033E*17 
I.298EM7 
7.327EM7 
6.099E»17 
9.7T2E»17 


9.79 

9.69 

9.63 

9.97 

9.97 

9.96 
9.99 
9.99 

9.90 

9.97 
9.99 
9.60 
9.66 

9.79 

9.80 
9.88 

9.96 
6.06 
6.16 
6.27 
6.00 

6.96 
6.71 

6.91 
7.10 
7.31 
7.90 
7.79 
6.06 
6.30 
8.69 

8.96 
9.29 
9.60 

10.01 

10.39 

10.76 

11.16 

11.96 


9.972 

8 

9.969 

t 

9.966 

A 

1> 

9.963 

\ 

9.960 

9.997 

!« 

V 

9.990 

9.991 

9.908 

r 

9.909 

> 

9.902 

*; 

9.939 

V 

9.936 

i 

9.933 

9.930 

9.927 

9.920 

9.921 

♦ 

9.918 

9.919 

> 

9.912 

* 

9.909 

9.906 

9.903 

9.900 

• 

9.096 

9.099 

9.092 

9.089 

V 

9.086 

j 

9.083 

9.080 

1 

9.077 

V 

9.070 

9.071 

\ 

9.066 

i 

9.069 

> 

9.062 

ii 

9.099 

9.096 

') 

9.090 

j; 

9.091 

* 

9.006 

9.009 

9.002 

9.039 

9.036 

9.033 


Table  A.  1-2.  Mean  Reference  Atmosphere  structure 
parameters,  120  to  500  km.  (Source:  R-2,  Table  3) 


MOLlc 

eight  temp  density 

*  KG/M3 


density 

LOG  DEN  SCALE 
(KG/M3I  HT  KM 


LOG  PRESSURE 

PRESSURE  PRESSURE  SCALE  G 
NT/H2  INT/M2I  '  HT  KM  M/SEC2 


120 

380.6 

121 

398.3 

122 

808.6 

123 

623.0 

128 

837.6 

125 

852.3 

126 

467.1 

127 

882.0 

128 

897.0 

129 

311.9 

130 

526.9 

131 

381.6 

132 

556.7 

133 

371.5 

138 

586.3 

135 

600.9 

136 

613.3 

137 

629.9 

138 

688.2 

139 

658.4 

180 

672.8 

181 

686.2 

182 

699.9 

183 

713.8 

188 

726.7 

183 

739.8 

186 

752.6 

187 

765.6 

188 

778.1 

89 

790.3 

30 

602.7 

31 

814.  T 

32 

826,6 

53 

838.2 

38 

889.7 

33 

661.0 

56 

672.1 

37 

683.0 

58 

893.8 

59 

908,8 

60 

918.6 

2.660E-08 

2 • I 62E-06 

1 .926E-08 

1.717E-08 

I.538E-08 

1.3B2E-08 

1.266E-06 

I.127E-08 

I .022E-0S 

9.300E-09 

8.686E-09 

7.T59E-09 

7.1ISE-09 

6.540E-09 

6.023E-09 

S.S63E-09 

5.IA7E-09 

6.772E-09 

6.632E-09 

6.123E-09 

3.865E-09 

3.S9IE-09 

3.339E-09 

3.167E-09 

2.9S2E-09 

2.776E-09 

2.609E-09 

2.658E-09 

2.318E-09 

2.1B9E-09 

2.070E-09 

1.959E-09 

I.856E-09 

1 • 760E-09 

I.670E-09 

1.S87E-09 

I •509E-09 

1.6J6E-09 

1.36BE-09 

1 • 306E-09 

I.266E-09 


.  -7.813 
-7.68S 
-7.718 
-7.785 
-7.113 
-7.859 
-7.908 
-7.988 
-7.990 
-8.032 
-8.071 
-8.110 
-8.188 
-8.188 
-8.220 
-8.253 
-8.288 
-8.321 
-8.333 
-8.383 
-8.813 
-8.883 
-8.8T8 
-8.302 
-8.330 
-8.337 
•8.383 
-8.609 
-8.633 
— 8 . 660 
-8.684 
-8.708 
-8.731 
-8.733 
-8.777 
-8.799 
-8.821 
-8.883 
-8.868 
-8.885 
-8.905 


8.17 

9.82 

9.87 

8.98 

9.21 

9.31 

9.80 

10.10 

10.81 

10.73 

11.03 

11.37 

11.70 

12.03 

12.36 


2.666E-03 

2.449E-03 

2.237E-03 

2.083E-03 

1.932E-03 

1 . 793E-03 

1.671E— 03 

1.360E-03 

1.839E-03 

1.367E-03 

1.283E-03 

1.207E-03 

1 . 1 37E-03 

I.073E-03 

1.018E-03 


-2.374 

-2.611 

-2.687 

-2.681 

-2.718 

-2.786 

-2.777 

-2.807 

-2.836 

-2.868 

-2.892 

-2.918 

-2.988 

-2.969 

-2.998 


11.38 

12.01 

12.88 

12.99 

13.33 

13.79 

18.28 

18.70 

15.16 

15.62. 

16.09 

16.55 

17.01 

17.86 


12.70 

9.597E-04 

-3.018 

18.37 

13.06 

'  9.094E-04 

-3.041 

18.83 

13.39 

8.629E-06 

-3.064 

19.27 

13.73 

8.  I9SE-04 

-3.086 

19.72 

14,06 

7.797E-06 

-3.108 

20.16 

14.88 

7.623E-06 

-3.129 

20.59 

16.79 

7.073E-06 

-3.130 

21.02 

13.16 

6.749E-04 

-3.171 

21.63 

13.50 

6.445E-04 

-3.191 

21.87 

13.83 

6. 139E-04 

-3.210 

22.28 

16.21 

5.891E-04 

-3.230 

22.69 

16,56 

3.660E-06 

-3.249 

23.10 

16.92 

5.403E-04 

-3.267 

23.50 

17,27 

3. 1 79E-04 

-3.286 

23.69 

17,63 

6.969E-06 

-3.304 

26.28 

17,98 

6.770E-06 

•3.321 

26.66 

18,32 

4.582E-06 

-3.339 

23.06 

18.67 

4.404E-04 

-3.356 

25.41 

19.02 

4.233E-06 

-3.373. 

25.77 

19.36 

6.073E-06 

-3.390 

26.13 

19.70 

3.923E-04 

-3.406 

26.49 

20.06 

3. 7T8E-04 

-3.423  , 

26.86 

20.37 

3.641E-04 

-3.439 

27,18 

20,71 

3.5I0E-O4 

-3.435 

27.52 

21,06 

3. 386E-04 

-3.470 

27.86 

21.37 

3.267E-06 

-3.486 

28.19 

9.833 
9.810 
9,827 
9.<28 
9.821 
.  9.818 
9.816 
9.813 
9.810 

:  '  1  9.807 
>  9.808 
9.801 
9.398 
9.393 
9.392 
9.389 

9.387 

9.388 
9.381 
9.378 
9.373 
9.372 
9.369 
9.366 
9.363 
9.360 
9.358 
9.353 
9.352 
9.389 
9.386 
9.383 

'  9.380 
9.337 
9.333 
9.332 
9.329 
9.326 
9.323 
9.320 
9.317 
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Table  A.  1-2.  (Continued) 


HilGMT 

KM 


161 

162 

16) 

166 

16) 

166 

167 

166 

169 

no 

171 

172 

17) 
17* 

175 

176 

177 
17$ 
179 

150 

151 
182 

18) 
186 

185 

186 

187 

188 

189 

190 

191 

192 
19) 
196 

195 

196 

197 

198 

199 

200 


MOLEC 
f  CMP 
K 


Dt NS l TV 
KO/M) 


density 

LUG  DEN  SCALE 
IKG/Hll  MT  KH 


pressure 

Nt  2M2 


log  PRESSURE 
PRESSURE  SCALE 
INT/M2)  MT  KH 


G 

M/SEC2 


925.1 
9)5.2 

965.2 
955.0 
966.7 
97*. 2 
98).  6 
992.9 

1002.1 

1011.1 

102U.0 

S2B.7 
)7.6 
1065.9 
1056.6 
1062.7 
107U.9 
1079.0 
1087.1 
1095.0 
1102.8 
1110. 5 
1118.2 
1125.7 
ID).  2 
1160. 6 
1167.9 
1155.1 
1162.2 
1169.) 
1176.2 
118). I 
1I9U.0 
1196.7 
120). 6 
1210.0 
1216.6 
122). 1 
1229.5 
12)5.8 


I . 188E-09 

1*1 )6£-09 

I.086E-09 

1.0)7E-09 

9.927E-10 

9.507E-I0 

9.1 10E-10 

8.7)6E-IU 

$.)78E-10 

8.06UE-10 

7.720E-10 

7.61  7E-10 

7.I28E-10 

6.85*E-10 

6.595E-I0 

6 . )65E-10 

6. 109E-10 

S.8B)E-10 

S.669E-10 

5.666E-I0 

5.268E-10 

5.081E-10 

6.90U-10 

6.7)2E-10 

6.568E-I0 

6.61 2E-10 

6.262E-10 

6.119E-I0 

).982E*10 

J.S50E-10 

I.726E-10 

3.6021-10 

3.686E-I0 

).)76E-10 

3.267E-10 

3.166E-10 

3.065E-10 

2.969E-10 

2.87BE-10 

2.789E-10 


8.925 

21.69 

8.965 

22.01 

8.965 

22.)) 

8.986 

22.65 

9.00) 

22.96 

9.022 

23.28 

9.060 

2).  58 

■9.059 

23.8$ 

■9.077 

26.17 

■9.095 

26.68 

■9.112 

26.7$ 

■9.1)0 

25.06 

-9.167 

25.35 

■  9.166 

25.66 

•9.181 

25.92 

■9.198 

26.20 

•9.216 

26.67 

-9.2)0 

26.75 

-9.267 

27.02 

-9.26) 

27.29 

-9.278 

27.56 

-9.296 

27.82 

-9.310 

28.08 

-9.325 

28.36 

-9.360 

28.60 

-9.355 

28.86 

-9.370 

29.11 

•9.385 

29.35 

-9.600 

29.60 

-9.615 

29.85 

-9.629 

)0.09 

-9.66) 

30.36 

-9.65$ 

30.58 

-9.672 

30.82 

-9. *86 

31.05 

-9.500 

31.28 

-9.516 

31.51 

-9.527 

31.76 

-9.561 

31.98 

-9.555 

)2 .21 

3.156E-06 

3.066E-06 

2.96)E-06 

2.866E-06 

2.7*9E-06 

2.659E-06 

2.573E-06 

2.690E-06 

2.610E-06 

2.))6E-06 

2.261E-06 

2.191E-0* 

2.123E-06 

2.058E-06 

1.996E-06 

1.936E-06 

1.878E-06 

1.823E-06 

1.769E-06 

I.718E-06 

1.668E-06 

1.620E-06 

1.576E-06 

I.529E-06 

1.686E-06 

I.665E-06 

1.6USE-06 

1.366E-06 

1.329E-06 

I.292E-06 

1.257E-06 

1.226E-06 

1.191E-06 

1.159E-06 

1.129E-06 

1.099E-06 

l .0  70E-06 

1.0*)E-06 

1.016E-06 

9.896E-05 


-3.501 

28.51 

-3.516 

28.8) 

-3.5)1 

29.15 

-).566 

29.66 

-3.561 

29.77 

-3.575 

30.07 

-3.590 

)0. 37 

-3.606 

)0.67 

-3.618 

30.96 

-3.6)2 

31.25 

-3.666 

31.5) 

-3.659 

31.82 

-3.67) 

32.09 

-3.687 

32.37 

-3.700 

32.66 

-3.713 

)2,9l 

-3.726 

3).  1 7 

-3.7)9 

33.63 

-3.752 

33.69 

-3.765 

33.95 

-3.778 

36.20 

-3.790 

36.65 

-3.80) 

36.70 

-3.816 

36.96 

-3.828 

35.19 

-3.860 

35.6) 

-3.852 

35.66 

-).865 

35.90 

-3.877 

36.13 

-3.889 

36.36 

-3.901 

36.59 

-3.912 

36.82 

-3.926 

)7.06 

-3.9)6 

37.26 

-3.967 

37.68 

-3.959 

37.70 

-3.970 

37.91 

-3.982 

38.1) 

-3.99) 

38.36 

-6,005 

38.55 

9.316 
9.912 
9.309 
9.306 
9.  )0) 
9.300 
9.297 
9.296 
9.292 
9.289 
9.286 
9.28) 
9.280 
9.277 
9.276 
9.272 
9.269 
9.266 
9.263 
9.260 
9.257 
9.255 
9.252 
9.269 
9.266 
9.26) 
9.260 

9.2) 8 

9.2) 5 

9.2) 2 
9.229 
9.226 
9.223 
9.221 

9.211 
9.213 

9.212 
9,203 
9.201 
9.20* 


Table  A.  1-2.  (Continued) 


4 

•Ji  MEIOHT 
-V  KM 


DtNSITY 

K&/M) 


DENSITY 

LOO  DEN  SCALE 
(KG/MSI  HT  KM 


LOO 

PRESSURE  PRESSURE 
NT/M2  INT/M21 


PRESSURE 
SCALE  G 
HT  KM  M/SEC2 


•« 

•  • 

202 

1246 

2>622E*10 

-9.381 

32.66 

9.399E-03 

-4.027 

36.96 

9.196 

.1 

y  • 

204 

1260 

2  *468E-10 

-9.606 

)3.10 

6.93IE-03 

-4.049 

39.37 

9.192 

1' 

f\ 

206 

1272 

2.324E-10 

-9.6)4 

33.34 

6.491E-0S 

-4.071 

39.77 

9.167 

•i' 

) 

206 

1264 

2  •  190E- 10 

-9.660 

33.97 

8.076E-03 

-4.09) 

40.16 

9.161 

210 

1293 

2.066E-10 

-9.683 

34.40 

7.666E-05 

•4.H4 

40.33 

9.176 

»Vi 

212 

1)07 

1.9SUE-I0 

-9.710 

34.12 

J  7.317E-03 

-4.1)6 

40.9) 

9.170 

i 

)Y. 

214 

1)18 

1.842E-10 

-9.7)3 

33.24 

6.970E-03 

-4.137 

41.30 

9.164 

\  V 

216 

1329 

1.741E-I0 

-9.7S9 

33.63 

6.642E-03 

-4.176 

41.66 

9.139 

s  •’ 

'ti. 

216 

133V 

I.646E-10 

-9.764 

36.06 

6.332E-03 

-4.196 

42.0) 

9.133 

I 

ii 

220 

1)30 

1.356E-I0 

-9.806 

36.43 

6.039E-03 

-4.219 

42.36 

9.148 

: 

4.; 

it 

222 

1)60 

1 •473E-10 

-9.8)1 

36.13 

5.762E-03 

-4.2)9 

42.7) 

9.142 

!  ‘ 

*•< 

224 

l)7o 

l.)96E-10 

-9.833 

37.24 

3.499E-03 

-4.260 

43.07 

9.137 

i  . 

226 

1  380 

|.)23E-10 

-9.676 

37.6) 

3.251E-03 

-4.280 

43.41 

9.131 

L 

4*T* 
i  ft 

226 

1390 

1.237E-10 

-9.901 

36.01 

S.01SE-03 

-4.300 

43.74 

9.125 

t- 

f 

2)0 

1)99 

#>■ 

1.I92E-10 

-9.924 

31.39 

4.792E-03 

-4.320 

44.06 

9.120 

1.  , 

2)2 

1406 

1.D2E-I0 

-9.946 

36.77 

4.310E-05 

-4.3)9 

44.31 

9.114 

t 

w. 

2)4 

1416 

1.076E-10 

-9.968 

39.13 

4.379E-05 

-4.339 

44.70 

9.109 

i 

» 

it., 

2)6 

1427 

1.022E-I0 

-9.990 

39.49 

4. lllE-03 

-4.371 

43.00 

9.10) 

1 

m 

2)6 

1433 

9.720E-U 

-10.012 

39.85 

4.006E-05 

-4.397 

45.31 

9.098 

1 

240 

1444 

9.246E-1I 

-10.0)4 

40.21 

3.134E-03 

-4.416 

43.61 

9.092 

!  * 

:v 

242 

1432 

8.79VE-U 

-10.036 

40.36 

3.670E-05 

-4.4)3 

43.90 

9.087 

: 

244 

1461 

0 

8.376E-11 

-10.077 

40.91 

3.314E-05 

-4.454 

46.19 

9.061 

i 

246 

1469 

7.979E-U 

-10.091 

41,23 

3.366E-03 

-4.4T) 

46.47 

9.076 

' 

246 

1477 

7.60)E-1I 

-10.119 

41.59 

3.224E-03 

-4.492 

46.73 

9.070 

i 

2S0 

1464 

7.24BE-U 

-10.140 

41.92 

3.090E-03 

-4.310 

47.0) 

9.065 

.  . 

232 

1492 

6.91IE-11 

-10.160 

42.23 

2.961E-03 

-4,329 

47.30 

9,039 

p 

;>V 

* 

234 

149V 

6.593E-I1 

-10.161 

42.56 

2.I39E-03 

-4.547 

47.56 

9.034 

236 

1307 

6.292E-U 

-10.201 

42.90 

2.723E-03 

-4.563 

47.1) 

9.041 

V- 

236 

1314 

6.006E-II 

-10.221 

43.21 

2.611 E — 05 

-4,38) 

48.01 

9.04) 

*  • 

f.  ■■ 

260 

1321 

5.73SE-1 1 

-10.241 

43.32 

2.503E-03 

-4.601 

46.3) 

9.0)7 

i 

262 

1326 

3.476E-U 

-10.261 

43,6) 

2.404E-05 

-4.619 

48.51 

9.0)2 

M 

264 

15)5 

3.233E-1 1 

-10.281 

44.1) 

2.307E-03 

-4.6)7 

48.1) 

9.026 

t 

,  )•  ^ 

266 

1341 

3.004E-11 

-10.301 

44,44 

2.213E-05 

-4.655 

49.07 

9.021 

••tf- 

266 

1348 

4.764E-U 

-10.320 

44,74 

2.127E-03 

-4.672 

49.30 

9.015 

1 

’  V  ( 

2T0 

1554 

4.376E-U 

-10.)40 

43.03 

2.042E-05 

-4.690 

49.34 

9.010 

,57 

272 

1360 

4.376E-U 

-10.339 

45.32 

1.962E-05 

-4.707 

49.76 

9.004 

V.  : 

274 

1366 

4.169E-U 

—10.376 

43,60 

1 . 183E-03 

-4.725 

49.99 

1.999 

■.■Vl' 

276 

1572 

4.010E-U 

-10.397 

43.16 

1 .11  IE-05 

-4.742 

50.21 

8.993 

». 

r‘. 

’v| 

276 

1578 

3.839E-1 1 

-10.416 

46.16 

I.740E-05 

-4.759 

30.43 

1.966 

)* 

T'l 

260 

1364 

).67»E-ll 

-10.4)4 

46.4) 

1  ,6  73E-03 

-4.777 

50.64 

8.983 

*  V  f 
"•  /» » 

282 

1390 

3.322E-U 

-10.433 

46.70 

1.601E-05 

-4.794 

30.63 

1.977 

• 

284 

1595 

)• )73E- 1 1 

-10.472 

46.96 

I.546E-OS 

-4.111 

51.06 

8.972 

t 

216 

1601 

0 

).2)3E-ll 

-10.490 

47.22 

1.417E-05 

-4.628 

31.26 

8.966 

•  r  r. 

286 

1606 

)• 101E-1 1 

-10.501 
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Figure  A.  1-11.  Altitude  characteristics  and  conversions 


Figure  A. 2-3.  Distribution  of  molecular  oxygen:  (1)  photo¬ 
chemical  equilibrium,  (2)  diffusive  equilibrium,  (3)  total 
mixing  theory,  (4)  curve  passing  through  experimental  data. 
(Source:  11-3,  Figure  7) 
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Figure  A.  2-4.  Fractional  concentrations  of  the  major  neutral 
species  In  the  atmosphere.  (Source:  R-4,  Figure  1) 
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Figure  A.  2-6.  Fractional  concentrations  of  the  ionic  species 
in  the  daytime  atmosphere.  (Source:  It-4,  Figure  3) 
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Figure  A.  2-7.  Quasi-equilibrium  electron  density— nighttime.  (Source:  E-3,  Figure  5) 


Figure  A.  2-8.  Quasi-equilibrium  electron  density — daytime.  (Source:  E-3,  Figure  6) 
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Figure  A. 2-14.  Model  ionosphere.  (Source:  E-8,  Figure  11) 
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Figure  A,  2-16.  Electron  number  densiticB  In  the  atmosphere. 
The  total  density  of  bound  electrons  contributed  by  each 
constituent  (usually)  falls  somewhere  within  the  shaded 
region.  (Source:  T-5,  Figure  2) 
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Figure  A.  2-17.  Typical  measurements  of  proton  distributions 
at  geomagnetic  latitudes  of  0°  N,  35°  N,  and  40°  N  from 
2, 000  to  30, 000  kilometers.  (Source:  T-ll,  Figure  9) 
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27.68 

105 

216.6 

27.51 

IQ6 

221.2 

27.35 

107 

226.* 

27.19 

108 

232.1 

27.03 

109 

238.* 

26.88 

110 

2*5.1 

26.73 

111 

252.6 

26.59 

112 

260.1 

26.65 

113 

268.1 

26.31 

11* 

276.5 

26.18 

115 

285.2 

26.05 

116 

296.7 

25.92 

117 

30*.3 

25.80 

118 

31*.2 

25.68 

119 

323.9 

25.57 

1  70 

77*. 5 

23.65 

20.832  20.261 

20.765  20.193 

20.698  20.12* 

20.630  20.055 

20.562  19.985 

20.*92  '  19.91* 

20. *22  19.8*3 

20.352  19.771 

20.280  19.698 

20.208  19.62* 

20.135  ••  19.550 
20.058  19.671 

19.980  19.392 

19.903  19.312 

19.825  19.232 

19.767  19.153 

19.667  ’  19.070 

19.587  18.988 

19.507  18.906 

19.627  18.823 

19.3*6  18.739 

19.267  18.656 

19.187  18.570 

19.107  18.683 

19.028  18.392 

18.9*0  18.299 

18.853  18.201 

18.778  18.105 

18.703  18.009 

18.630  17.91* 

18.556  17.823 

18.683  17.73* 

18.611  17.6*7 

18.3*0  '  17.561 

18.270  '  17. *79 

18.200  17.398 

18.132  17.320 

18.065  17.2*5 

17.999  17.173 

17.935  17.103 

17.872  17.036 

17.811  16.971 

17.750  16.908 

17.692  16.8*7  ' 

17.635  16.790 

17,579  16.73* 


N(0>  LOG  H(A8) 
(/MSI 


18.910 
18.8*2 
18.773 
18.70* 
18.63* 

»  16.79*  18.563 

4  16.896  18.692 

16.981  18.620 

17.0*9  18.3*7 

17.102  18.273 

17.16*  18.199 

17.173  18.120 

17.19*  18.0*1 

17.208  •'  17.962 

17.216  17.882 

17.220  •*  17.802 

17.222  ,  17.720 

17.227  17.638 

17.235  17.556 

17.251  17.673 

17.280  17.389 

17.33*  '  17.306 

17,607  -  17.221 

17.689  17.133 

17.562  1  17.0*1 

17.618  16.9*5 

17,65*  16.8*2 

17.670  16.739 

17.672  16.636 

17.66*  16.536 

17,8*7  16. *35 

17,627  ,16.337 

17.602  16.2*1 

17.573  16.1*6 

17.5*2  16.053 

17.509  15.961 

17.675  15.872 

17.6*0  15.785 

17. *0*  15.701 

17.368  15.619 

17.332  15.539 

17.295  15.661 

17,259  15.385 

17.223  15.322 

17.188  .  15.2*2 

17,153  15.173 


LOG  NlHEl 

LOG  N (03 1 

(/MSI 

I/M3I 

13.659 

15.591 

15.523 

15.65* 

’  13.385 

•  15.313 

16.695 

’  13.2*6 

16.63* 

15.172 

16.36* 

'  15.100 

16.286 

15.027 

16.195 

l*.9S* 

16.098 

’  1*.876 

13.973 

16.798 

.  13.8*5 

16.721 

13.710 

1*.6*3 

13.370 

16,565 

13. *23 

16.686 

13.269 

l*.*07 

13.113 

l*. 329 

12.959 

,  16.233 

12.810 

I*. 178 

12.665 

16.110 

12.5*9 

1*.050 

1 2  .  **  5 

16.000 

12.3*8 

13.960 

12.236 

13.928 

12.099 

13.902 

11.938 

13.879 

11.766 

.  13.855 

11.577 

13.833 

11.385 

13.811 

11.178 

13.791 

10.97* 

13.770 

10.766 

13.750 

10,555 

13.730 

10.3*3 

13.711 

10.132 

13.692 

9.920 

13.673 

9.710 

13.655 

9.503 

13.637 

9.299 

13.620 

9.098 

13.603 

8.899 

13.386 

8.703 

13.569 

8.31* 

13.553 

8.332 

13.338 

8.167 

Table  A.  2-2.  Kinetic  temperature  and  composition  of  the 
Mean  Reference  Atmosphere,  120  to  500  km.  (Source: 
R-2,  Table  4) 


hean 
mol  wT 


116.5 
3*5.3 

336.2 

367.3 
3TS.3 
389.7 
A00.9 
612.1 

623.3 

636.6 

663.6 

636.6 
667.2 
678.0 

688.6 

699.0 

309.6 

519.6 

329.6 

539.6 
569.0 

338.5 

367.8 

376.9 

383.8 

396.5 
603.0 

611.6 

619.5 

627.6 

633.2 

662.8 

65U. 2 

637.6 

666.6 

671.3 
678.0 

686.3 
69U.9 
697.1 

ini.  I 


25.63 
25.35 
23.25 
25.15 
25.05 
26.93 
26.83 
26.76 
26.66 
26.37 
26.68 
26.39 
26.31 
26.22 
26.13 
26.05 
23.97 
21. *9 
23.81 
21.73 
23.63 
21.57 
21.69 
21.62 
23.33 
21.27 
23.20 
21.11 
23.06 
22.99 
22.92 
22.83 
22.78 
22.71 
22.65 

22.38 

22.31 
22.63 

22.39 

22.32 
32.26 


NUMBER 

DENSITY 

/Ml 


LOG  N1N21  LOG  NI02I  LOr.  NlO)  LOG  N(A8)  LOO  N1HEI 
I/Mll  l/Mlt  8 /HI 1  1/Mll  1/M11 


3. 7T2E*  1 7 
3.117E.17 
6. 389E.IT 
6.U2E»1T 
3.698E.1T 
3.336E.1T 
3.019E*  IT 
2.T61E*  IT 
2.696C* IT 
2.279E*1T 
J.08TE»17 
|.916E*1T 
1 . T63E* 1 7 
I  .626E*  IT 
1.3031.17 
1.191E*1T  . 
1. 293E.IT 
1.203E«1T 
1 . 12  IE* 1 7 
1.067E* IT 
9. 793E* 16 
9.176E»16 
8.610E* 16 
8.092E* 16 
7.616E«16 
T.178E.I6 
6.776E.16 
6.601E.  16 
6.036E*  16 
5.736E.16 
3.639E*16 
3. 1 6  3  E ♦ 1 6 
6.906E* 16 
6.666E* 16 
6.662E»16 
6.233E*  16 
6.037E*  16 
3.833E*  16 
3.68  IE.  16 
3.318E*  16 
3.366E.16 


IT. 379 
IT. 326 
IT. 672 
IT. 620 
IT. 370 
17.322 
17.276 
17.229 
17.186 
IT. 161 
17.098 
1T.03T 
IT.OIT 
16.978 
16.960 
16.901 
16.867 
16.812 
16.798 
16.76* 
16.731 
16.699 
16.667 

16.636 
16.606 
16.37T 
16.368 
16.51V 
16.691 
16.666 

16.637 
16.610 
16.386 
16.358 
16.133 
16.108 
16.283 
16.259 
16.235 
16.212 
16.189 


I6.T36 

16.676 

16.613 

16.338 

16.303 

16.669 

16.397 

16.167 

16.297 

16.269 

16.201 

16.15T 

16.111 

16.070 

16.028 

13.987 

13.967 

13.908 

13.870 

13.812 

15.796 

15.760 

13.723 

13.691 

13.657 

15.626 

13.592 

15.360 

15.529 

13.699 

13.669 

15.639 

13.610 

15.381 

13.333 

15.323 

15.298 

15.271 

15.2*6 

15.211 

15.192 


17.131 

17.116 

17.080 

17.063 

17.011 

16.978 

16.966 

16.916 

16.886 

16.83* 

16.826 

16.798 

16.770 

16.766 

16.718 

16.691 

16.668 

16i6*3 

16.621 

16.399 

16.377 

16.333 

16.33* 

16.313 

16.693 

16.676 

16.636 

16.636 

16.617 

16.399 

16.381 

16.366 

16.1*7 

16.110 

16.31* 

16.298 

16.282 

16.266 

16.251 

16.236 

16.221 


15.173 

15.102 

13.032 

16.966 

16.898 

16.813 

16.771 

16.712 

16.636 

16.397 

16.3*1 

16.687 

16.616 

16.183 

16.111 

16.286 

16.216 

16.190 

16.166 

16.099 

16.036 

16.013 

11.971 

11.910 

11.890 

11.850 

13.811 

11.771 

11.716 

11.899 

11.861 

11.627 

11.392 

11.557 

11.521 

13.690 

13.657 

11.626 

11.192 

13.360 

13.128 


11.538 

13.321 

11.509 

11.696 

13.682 

11.669 

11.637 

11.66* 

13.612 

13.621 

13.610 

11.199 

11.368 

11.178 

11.368 

13.338 

11.1*9 

11.3*0 

13.331 

11.322 

11.31* 

13.306 

13.298 

11.290 

13.282 

11.273 

13.268 

13.261 

13.256 

11.2*6 

13.2*1 

13.233 

11.229 

11.223 

11.217 

11.212 

13.206 

11.201 

13.193 

11.190 

11.183 


Table  A. 2-2.  {Continued} 


NUMBER 


HEIGHT  TEMP 

MEAN 

DENSITY 

LOG  NIM2)  LOG  NI02I 

LOG  NIOI 

LOG  N  (AM) 

LOG  NIHEI 

KM  K 

MOL  WT 

/M3 

I/Mll  (/MSI 

1 1  /Mil 

(/Ml) 

(/MSI 

161 

709.0 

22.20 

).222E»16 

16.166 

19.166 

16.206 

13.297 

D.180 

162 

716.8 

22.1) 

)>OI7E*16 

16.16) 

19.161 

16.192 

13.266 

1 ). 175 

16} 

720.6 

22.07 

2.999E* 16 

16.121 

19.119  . 

16.177 

13.2)6 

13.170 

1 64 

72). 9 

22.01 

2.8)8E»16 

16.099 

19.091 

16.16) 

13.205 

13.166 

16) 

7)1.) 

21.9) 

2.723EM6 

16.077 

19.066 

16.190 

1), 1 76 

13.161 

166 

7)6.) 

21.89 

2.6  l)E«  16 

16.0)9 

19.062 

16.1)6 

1), 166 

13.196 

16  T 

761.6 

21.8) 

2.9UEM6 

16.0)6 

19.018 

.  16.122 

13.117 

13.152 

166 

766.6 

21.78 

2.6|6C«lb 

16.012 

16.996 

16.109 

.  13.088 

13.167 

169 

7)1.) 

21.72 

2.32)E«16 

15.991 

16.970 

16.096 

13.059 

13.163 

ITO 

7)6.2 

21.66 

2.236E* 16 

19.971 

16.967 

16.08) 

13.031 

13.139 

ITl 

760.8 

21.60 

2.I92E«16 

19.9)0 

16.926 

16.070 

D.OO) 

13.135 

172 

76). 6 

21.9) 

2.073E*  16 

19.9)0 

16.901 

16.0)7 

12.975 

13.130 

17} 

76V. «  • 

21.6V 

I.998EM6 

19.909  • 

16.878 

16.065 

12.967 

13.126 

176 

776.1 

21.6) 

I.926£«I6 

19.889 

16.8)6 

16.0)2 

12.919 

13.122 

17} 

778.6  » 

21. )8 

I.8)7E»I6 

19.870 

16.8)6 

16.020 

12.892 

13.118 

176 

782.) 

21.92 

l.792E«16 

I9.89U 

16.811 

16.007 

'  12.86) 

13.116 

177 

786.) 

21.27 

1.7 )0E» 1 6 

19.8)0 

16.789 

15.995 

12.8)8 

13.111 

178 

790.) 

21.22 

1 .670E* 1 6 

D.81 1 

16.768 

15.98) 

12.811 

13.107 

17V 

796.6 

21.16 

1.6l)C«16 

19.792 

16.766 

15.971 

12.715 

13.103 

ISO 

798.1 

21.11 

1.))9E«I6 

19.771 

16.726 

15.960 

12.798 

13.099 

1SI 

801.8 

21.06 

1.5076*1* 

19.7)6 

16.70) 

15.968 

12.7)2 

13.096 

182 

80).) 

21.00 

l,6)7E*16 

19.7)9 

16.682 

15.9)6 

12.706 

13.092 

IS) 

809.0 

20.9) 

l.609E«16 

19.716 

16.661 

15.925 

12.680 

13.088 

lb* 

812.) 

20,90 

1 . )63E«  1 6 

19.698 

16.660 

19.916 

12.659 

13.085 

IS) 

81). 9 

20.8) 

l.)19E«16 

15.679 

16.619 

15.902 

12.629 

13.081 

1B6 

819.2 

20.80 

1.2776*16 

15.661 

16.998 

19.891 

12.606 

13.078 

187 

822.) 

20.7) 

1.2)76*  1* 

19.66) 

16.578 

19.880 

12.579 

13.075 

IBS 

82). 7 

20.70 

1 . 1986*16 

19.629 

16.597 

19.869 

12.956 

13.071 

189 

828.8 

20.6) 

1.1616*1* 

19.607 

16.5)7 

19.8)8 

12.929 

13.068 

190 

8)1.9 

20.60 

1. 1256*  16 

l).)89 

16.917 

15.867 

12.506 

13.066 

191 

8)6. V 

20.)) 

I.U91EM6 

19.571 

16.697 

19.8)6 

12.679 

13.061 

192 

8)7.8 

20. )1 

1 .098E* 16 

1).))) 

16,677  ! 

19.82) 

.  12.659 

13.058 

19) 

860.7 

20.66 

1.026E* 16 

19.9)6 

16.657 

19.81) 

12.6)0 

13.055 

194. 

86).) 

20.61 

9.9)6E«1) 

19.918 

16.6)7  • 

15.806 

12.606 

13.052 

19) 

866.) 

20. )7 

9.661E*!) 

i).)0! 

16.618 

15.796 

12.)B2 

13.068 

196 

869.0 

20. )2 

9.)786*1) 

15.686 

16.398 

19.78) 

12.358 

13.065 

197 

8)1.7 

20.27 

9.106EM) 

19.666 

16.379 

15.77) 

12.336 

D.062 

198 

8)6.) 

20.2) 

8.8616*1) 

19.669 

16.399 

19.762 

12.310 

13.0)9 

199 

8)6.8 

20.18 

8.987E’I5 

15.6)2 

16.360 

15.792 

12.286 

1 3.0)6 

200 

8)9.) 

20.16 

8.362EM9 

l).6l) 

16.321 

15.762 

12.262 

13.0)3 

■  •  /  ■  i 

I  '  '•  ’*  I  * 
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Table  A.  2-2.  (Continued) 


k 


NUMBER 


N 

height 

TEMP 

MEAN 

DENSITY 

if 

!?» 

* 

;.J 

KM 

K 

MOL  NT 

/M) 

202 

86*.  2 

20.05 

7.87IEM 

ff «, 

20* 

868.9 

19.96 

7.445E* l 

*1* ' 

206 

87).* 

19.88 

7.0*1E*1 

if*.' 

208 

877.8 

19.79 

6.665E*! 

210 

882.0 

19.71 

6.SI2E*! 

212 

886.0 

19.63 

5.902E*  t 

■  *, 

21* 

889.9 

19.55 

3.67)£«l 

i* 

216 

89). 7 

19.  *7 

5. 38*E«  t 

218 

897.) 

19.39 

5.1I2EM 

r 

220 

900.7 

19. )2 

4.036E. 1 

•V 

222 

90*.  1 

19.2* 

4.616E.I 

22* 

907.) 

19.17 

4. )90E» l 

226 

910.5 

19.10 

*.177E*l 

•1* 

1 

<28 

913.5 

19.0) 

3.97TE. 1 

2)0 

916.* 

18.96 

).708E«l 

232 

919.2 

11.89 

).609E«1 

V: 

23* 

921.8 

18.8) 

).**IE« 1 

If 

2)6 

92*.* 

18.76 

).28IE*I 

2)8 

927.0 

18.70 

).1)IE*1 

2*0 

929.* 

18.6) 

2 . 988E • 1 

3- 

2*2 

9)1.7 

18,57 

2.853E«l 

t.i 

» 

2** 

9)3.9 

18.51 

2.725E* 1 

It 

2*6 

9)6.1 

18.  *5 

2.60*E»1 

* : 

2*8 

9)8.2 

18, 39 

2.*89E«I 

r-iT. 

250 

9*0.2 

18.3* 

2.380E.I 

252 

9*2.2 

18.28 

2.277E*  1 

„}  | 

25* 

9**.0 

18.2) 

2. 178E*  1 

256 

9*5.8 

18.17 

2.0S5E«I 

lyi 

258 

9*7.6 

18.12 

1.996EO 

'•%  . 

260 

9*9.3 

18.07 

1 . 9 1 2  E  *  1 

262 

950.9 

18.02 

I.831E* 1 

*;V 

26* 

952.* 

17.97 

1 . 755E* 1 

266 

953.9 

17.92 

1.682E*! 

• 

268 

955.* 

17,87 

I.612E*! 

•;* 

2T0 

956.8 

17.82 

1.5*6E»l 

2T2 

958.2 

17.78 

l.*8)E«l 

V* 

2T* 

959.5 

17.7) 

l.*23E«l 

;  ^ 1 

V*,c 

2'*6 

960.7 

17.69 

1 . 365E» 1 

278 

961.9 

17.65 

1 . 3 10E*  1 

A 

280 

963.1 

>7.60 

I.2S8EM 

282 

96*. 2 

17.56 

l.208E«l 

£■« 

28* 

965.) 

17.52 

1  •  1 60E  *  1 

286 

966.* 

17.  *8 

1 . 1 1*E*  1 

<.{•» 

288 

967.* 

17.** 

l.071E«l 

290 

968.* 

17, *0 

I.029EO 

r 

V#** 

292 

969.) 

17.36 

9. 09 1 E  *  1 

29* 

970.2 

17,)) 

9.308E*! 

l: 

296 

971.1 

17.29 

9. 1 *2E  t 

298 

972.0 

17.26 

8.792E* l 

H  •# 

)00 

972.8 

17.22 

8.*56E»l 

r 


LOO  NIN2f 

LOO  HI 02 1 

LOO  NIOI 

LOO  N(AR) 

LOO  NlHEI 

I/M3I 

1/M3I 

</M)l 

I/M3I 

I/M3I 

15.382 

14.28) 

15.721 

12.21) 

13.027 

15«)*8 

14.2*5 

13.701 

12.169 

l).021 

19.31) 

14.207 

19.602 

12.122 

13.013 

13.282 

14.170 

15.662 

12.077 

n.oio 

13.250 

14.1)3 

15.6*2 

12.0)1 

13.00* 

19.217 

.  14.096 

15.62) 

11.986 

12.990 

19.189 

14.060 

15.60* 

11.941 

12.99) 

13.15) 

14.02* 

19.563 

11.896 

12.987 

13.122 

13.980 

19.566 

11.852 

12.982 

19.090 

13.952 

15.5*7 

11.807 

12.977 

13.059 

13.917 

19.529 

11.763 

12.971 

19.028 

13.881 

15.310 

11.720 

12.966 

14.997 

13.6*6 

15.492 

11.676 

12.961 

14.966 

D.61I 

15.47* 

11.6)3 

12.956 

14.9)6 

13.777 

15.496 

11.590 

12.991 

14.905 

13.7*2 

15.4)8 

11.547 

12.9*6 

14.875 

D.7O0 

19.420 

11.305 

12.9*1 

14.8*3 

13.674 

19.402 

11.462 

12.9)6 

14.815 

13.6*0 

19.)05 

11.420 

12.931 

14.789 

D.606 

15.9*7 

11.378 

12.927 

14.753 

13.572 

15.350 

11.3)6 

12.922 

14.726 

13.5)6 

19.))) 

11.299 

12.917 

14.696 

13.30) 

13.315 

11.25) 

12.91) 

14.667 

13.472 

19.298 

11.212 

12.908 

14.6)8 

13.4)6 

15.261 

11.171 

12.903 

14.609 

13.403 

19.264 

11.129 

12.099 

14.900 

13.372 

15.2*7 

11.089 

12.09* 

14.551 

13.3)9 

13.2)0 

11.0*8 

12.890 

14.922 

13.307 

13.21* 

11.007 

12.885 

14,494 

13.27* 

15.197 

10.967 

12.081 

14.469 

13.2*2 

13.100 

10.926 

12.676 

1*.*)7 

13.209 

15.16* 

10.886 

12.672 

14.408 

13.177 

15.1*7 

10.8*6 

12.867 

I*. )80 

13.1*5 

19.1)1 

10.806 

12.06) 

14.352 

13.112' 

19.11* 

10.766 

12.639 

I*. 32* 

13.000 

15.098 

10.726 

12.05* 

14.29) 

13.0*6  : 

13.082 

10.686 

12.850 

14.267 

13.016  i 

15.065 

10.6*6 

12.8*0 

14.2*0 

12.965 

■  15.0*9 

10.607 

12.8*3 

14.212  . 

12.95) 

15.03) 

10.567 

12.9)1 

14.18* 

12.921 

19.017 

10.920 

12.8)1 

14.156 

12.890 

15.001 

10.488 

12.121 

14,129 

12.656 

14.963 

10.4*9 

12.82! 

14.101 

12.627 

14.969 

10.410 

12.821 

14.07) 

12.795 

14.95) 

10.371 

I2.8K 

14.0*6 

12.76* 

14.937 

10.))2 

12. 813 

14,019 

12.7)3 

14.921 

10.293 

12.901 

13.991 

12.702 

14.906 

10.25* 

12.80' 

13.964 

12.670 

14.690 

10.219 

12.601 

13.9)7 

12.6)9 

14.074 

10.177 

12.79 
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Table  A. 2-2.  (Continued) 


HEIGHT 

KM 


MEAN 
MOL  Wt 


number 

density 

/mj 


•.«««'  LW 


973.6 

976. 4 
97}.  I 

975.6 

976.5 

977.2 
977.8 

976.5 

979.1 

979.7 
96U.2 

960.6 

961.3 

961.6 

962.3 
96216 

963.3 

983.7 

984.1 

984.6 
985.0 

965.4 

965.7 

966.1 

966.5 

986.6 

987.2 

987.5 

987.6 

986.1 

986.4 

986.7 
969.0 

969.2 

989.5 

989.1 
990.0 

990.2 

990.5 

990.7 

990.9 

991.1 

991.3 

991.5 

991.7 

991.9 

992.1 

992.3 

992.5 

992.6 


17.19 
17.15 
17.12 
17.09 
17.06 
17.02 
16.99 
16.96 
16.91 
16.91 
16.86 
16.85 
16.62 
16.79 
16.77 
16.74 
16.72 
16.69 
16.67 
16.64 
16.62 
16.59 
16.57 
16.55 
16.52 
16.50 
16.46 
16.46 
16.44 
16.42 
16.39 
16.17 
16.35 
16.33 
16.31 
16.29 
16.27 
16.25 
16.21 
16.21 
16.19 
16.16 
16.16 
16.14 
16.12 
l  16.10 
,  16.06 
I  16,09 
I  16.04 
>  16.03 


6.114E.14 
7.82 6E* 14 
7.93 It ♦ 14 
7.248E»14 
6.977E* 14 
6.716E*14 
6.467E«l4 

6.227E*!* 

3.997E* 1 4 

5.7761*14 

5.565E»|4 

9.3616*14 

5 .1666*14 

4.978E.14 

4, 798E* 14 

4.625E* 14 

4.45BE* 14 

4.296E*14 

4 . 144E* 14 

3.997E* 14 

3.654E*14 

3.7186* 14 

3.586E*14 

3 ,459E» 14 

3.3366*14 

3.220E*14 

3. 108E* 14 

2.999E*14 

2.894E.14 

2.794E*14 

2.697E»I4 

2.604E«14 

2.5146*14 

2.427E* 14 

2.344E*14 

2.263E* 14 

2. 166E*14 

2. 1 1  IE* 14 

2.019E*14 

1.970E*14 

1.903E.14 

1.839E*14 

1 . 7T7E  *14 

1.717E*14 

1.659E»|4 

I.603E* 14 

1 .9906  *  14 

1 .498E*  14 

I,448E«I4 

1.400E»14 


13.909 
13.882 
13.835 
13.826  • 

13*801 
13.774 
13.747 
13.720 
13.694 
13.667 
13.640 
13.613 
13.587 
13.560 
13.533 
13.307 
13.480 
13.454 
13.427 
13.401 
13.373 
13.346 
13.322 
13.296 
13.269 
13.243 
13.217 
1  13.191 
13.165 
13.139 
13.112 
13.086 
13.060 
.  13.034 

13.008 
12.982 
12.956 
12.931 
12.905 
12.679 
12.833 
12.827 
12.801 
12.776 
12.750 
12.724 
12.696 
12.673 
12.647 
12.621 


12.608 
12.577 
12.546 
12.516 
12.465 
12.454 
12.423 
12.393  . 
12.362 
12.332 
12.301 
12.271 
12.240 
12.210 
12.179 
12.149 
12.118 
12.089 
12.036 
12.028 
,  11.996  , 
11.966 
11.936 
11.906  . 
11.878  • 
11.846 
11.818  , 
11.788  ; 
11.758  1 
11.729 
11.699  ' 
11.669  ' 
11.639 
11.610  ' 
11.580 
11.550  1 
11.521 
11.491  I 
11.462 
11.432  ' 
11.403  I 
11.373  > 
11.344 
11.314  ; 
H.285  ; 
11.253  • 
11.226 
11.197 
11.166 
11.136 


14.859 

14.643 

14.627  ' 

14.612 

14.796 

14.761  ' 

14.765 

14.730 

14.734 

14.719 

14.703 

14.666 

14.673 

14.657 

14.642 

14.627 

14.612 

14.396 

14.381 

14.566 

14.351 

14.336 

14.321 

14.306 

14.490 

14.475 

14.460 

14.445 

14.430 

14.413 

14.400 

14.366 

14.371 

14.356 

14.341 

14,326 

14.311 

14.296 

14.261 

14.267 

14.252 

14.237 

14.222 

14.206 

14.193 

14.171 

14.163 

14.149 

14.134 

14.119 


10.136 
10.100 
10.061 
10.023 
9.964 
9.946 
9.906 
9.670 
.  9.631 
.  9.793 
9.755 
9.717 
9.679 
9.641 
9.604 
9.366 
9.326 
9.490 
,  9. *53 
9.415 
9.378 
9.340 
9.303 
9.265 
9.226 
9.190 
9.153 
9.116 
9.079 
9.041 
9.004 
6.967 
6.930 
8.693 
8.656 
6.619 
6.762 
6.745 
6.706 
6.672 
6.635 
R.598 
6.361 
8.525 
6.486 
6.451 
8.415 
6.378 
1.342 
6.305 


12.792 

12.786 

12.764 

12.760 

12.776 

12.772 

12.766 

12.764 

12.760 

12.756 

12.752 

12.748 

12.744 

12.740 

12.736 

12.732 

12.729 

12.725 

12.721 

12.717 

12.713 

12.709 

12.705 

12.702 

12.696 

12.694 

12.690 

12.686 

12.683 

12.679 

12.673 

12.671 

12.667 

12.664 

12.660 

12.656 

12.632 

12.649 

12.645 

12.641 

12.637 

12.634 

12.630 

12.626 

12.622 

12.619 

12.615 

12.611 

12.601 

12.60* 
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9  4.545E*H  1 
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12.290  » 
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12.239  1 
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i  12.134 
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,  12.048 
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13  11.462 
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l*\\  11.444 


11.109  I*- 

1 1.°»0  14- 
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10.963  >4 

10.934  14 

10.905  1 

10.496  \\ 

10.449  J: 

10.814  \ 

10.949  ‘ 

10.960  1 

10.931 
10.902 
10.693  ! 

10.6*4 
10.615 

10.549 

10.554 

10.529 

10.500 

10.491 

10.443 
10.41* 
10.345 
10.359 
10.32* 
r  10.299 
l  10.291 

;  10.24* 
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Table  A.  2-4.  Proton  concentration  versus  altitude  and 
geomagnetic  latitude.  (Source:  T-ll,  Table  13) 


Altitude 

(km) 

0° 

(cm"3) 

35°  N 
(cm"3) 

40°  N 
(cm-3) 

1 

MEM 

m 

■1 

_ 

Bo 

KB 

4,000 

3.8(3) 

■BSB 

5,000 

5.2(3) 

BSE9 

B89 

6,000 

5.1(3) 

2.7(3) 

mm 1 

7,000 

4.6(3). 

2.6(3) 

BE9 

8,000 

4.0(3) 

2.5(3) 

1.3(3) 

9,000 

3.8(3) 

2.1(3) 

5.2(2) 

3.5(3) 

1.5(3) 

2.2(2) 

11,000 

3.1(3) 

1.3(3) 

6.1(1) 

12,000 

2.9(3) 

8.0(2) 

-- 
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-- 
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1.7(3) 
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-- 
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24,000 
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-- 
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TEMPERATURE  (K) 

180  200  220  240  200  280 

TEMPERATURE  (K) 

Figure  A.  3-3.  Mean  June-July 
temperature  profile  for  80®  N. 
(SoOrce:  R-2,  Figure  8) 

Figure  A. 3-4.  Mean  Decembcr- 
January  temperature  profile  for 
80®  N.  (Source:  R-2,  Figure  9) 
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M 

Figure  A. 3-5.  Mean  CIRA  temperatures,  temperntures 
which  are  exceeded  50,  10,  and  1%  of  tiie  time  during 
warmest  months  and  temperatures  exceeded  50,  90,  and 
99%  of  the  time  during  coldest  months  at  latitudes  between 
0*  and  80°  N.  (Source:  H-2,  Figure  10) 
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O  IONIZATION 


V" 


ALTITUDE  (Itm) 


Figure  A.3-G.  Population  temperatures  of  atmospheric 
species.  (Source:  Ii-4,  Figure  4) 


ENERGY  (*V/r  ARTICLE)  AVERAGED  OVER  ALL  PARTICLES 


Figure  A.  3-7.  Distribution  of  energy  among  different 
degrees  of  freedom.  (Source:  It-4,  Figure  5) 
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Figure  A. 3-8.  Schematic  heat  budget  constituents  between 
80  and  105  km.  (Source:  R-4,  Figure  6) 


Figure  A. 3-9.  Altitude  dependence  of  energy  absorption  and 
emission.  (Source:  R-4,  Figure  7) 
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Figure  A.  3-12.  Internal  energy  of  air.  (Source:  E-8,  Figure  15) 
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CHARACTERISTIC  ENERGY  (eV) 


Figure  A. 3-13.  Electron  energy  exchange  frequencies  for 
various  atmospheric  gases.  (Source:  R-21,  Figure  3) 
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J, 


ELECTRON  ENERGY  («V) 


Figure  A. 3-14.  Electron  cooling  rates  In  atmospheric  gases. 
(Source:  R-21,  Figure  4) 


«1 

Table  A.  3-2.  Electron  cooling  rate  coefficient  In  eV  cm  sec 
(Source:  R-21,  Table  3) 


e(eV)  ' 

N2 

°2 

O 

He 

1(4) 

5.3(-6) 

5.4(-6) 

8.2(— 7) 

5(3) 

6.4(-6) 

6.0(-f>) 

l.0(-A) 

2(3) 

8.0(-6) 

7.4(-6) 

1  »3(-6) 

1(3) 

8.8(-6) 

8.2(-6) 

1  -  7( -6) 

5(2) 

9.3(-6) 

8.0(-6) 

4.0(-6) 

1  -6(-6) 

2(2) 

9.4(-6) 

7.6(-6) 

4.0(-6) 

1 *5(-6) 

1(2) 

7.6(hS) 

6.5(-6) 

3.6(-6) 

1  •  2( -6) 

5(1) 

4 . 3( -6) 

3.3(-6) 

2.1(h5) 

5.0(-7) 

3(1) 

».6(-6) 

1 .8( -6) 

8.K-7) 

2.4(-7) 

2(1) 

2.K-7) 

3.6(-6) 

3.H-7) 

I 


54 


LOG  RANGE  R(gcm~ 


I 


Figure  A.  3-16.  Ranges  of  electrons  and  protons  in  the  air. 
(Source:  T-5,  Figure  1) 
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Kane,  1969 

H-M  Jul  1957 
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...  1955 

Schlapp,  1959 

j-Q-l  ...  1956 

A...  Nov  1961  | 

Belrose  and  Ilewitt,  1964 

j. . .  Aver  1962  ) 

|...  Mar  1963 

Aiken  et  al. ,  1962 

+. . .  Aug  1962  J 

Jespersen  et  al.,  1964 

j. . .  Dec  1962  } 

- 

»■« «  May  1966 

(Eclipse)  JeBpersen  and 

Pedersen,  1970 

5  6 

LOG  COLLISION  FREQUENCY  (sec'1 ) 


Figure  A.  4-2.  Collision  frequency  measurements. 
(Source:  R-9,  Figure  3) 


ELECTRON  COLLISION  FREQUENCY  PER  MOLECULE  (cm  $ec 
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I 


Figure  A.  4-3.  Electron  collision  frequencies  in  various 
atmospheric  gases.  (Source:  R-21,  Figure  1) 
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Table  A. 4-1.  Electron  collision  frequencies  per  molecule. 
(Source:  R-21,  Table  1) 


<  (eV) 

N2 

°2 

NO 

O 

N 

h2o 

.005 

7.5(-10) 

1 

9.7(-9) 

2.85(-6) 

.007 

9.7(-10) 

91 

8.0(-9) 

2 . 35( -6) 

.or 

1.3(-9) 

6.7(-9) 

1 .93(-6) 

.015 

1.87(-9) 

5.7(-9) 

1 

1 .57(-6) 

.02 

2.43(-9) 

mSt 

5.25(-9) 

1.36(-6) 

.03 

3.53(-9) 

4.7(-9) 

6.0(-9) 

1 . 10(-6) 

.05 

5.65(-9) 

2.8(-9) 

4.6(-9) 

7.2(-9) 

8.5(  -7) 

.07 

7.7(-9) 

4.0(-9) 

4.9(-9) 

8.5(-9) 

7.2(-7) 

*  .  1 

l.!0(-8) 

5 . 0(-9) 

5.9(-9) 

1 . 02( -8) 

6.0 (-7) 

.15 

1.60(-8) 

6.5(-9) 

9.0(-9) 

1 . 3(  -8) 

4 . 85( -7) 

.2 

2.08( -8) 

8.6(-9) 

M(-8) 

1 . 5(-8) 

4. 15(-7) 

.3 

2.90(-S) 

1 . 32(-8) 

4.0(-8) 

1 . 8(— 8) 

3.4(-7) 

.5 

4. 15(— 8) 

2. 16(-8) 

1.2 (-7) 

2.4(-8) 

4.3(-9) 

2.63(  -7) 

.7 

5- 1  ( -8) 

3.05(-8) 

J .06(-7) 

2 . 8(  -8) 

6.2(-9) 

2 . 25( -7) 

1.0 

6.0(-8) 

4.65(-8) 

9.5(-8) 

3.5(-8) 

9.5(-9) 

1.93(-7) 

1.5 

8.7(-8) 

5.5(-8) 

9.3(-8) 

4.4(-8) 

1.68(-8) 

l.64(-7) 

2.0 

1.9(-7) 

5.75(-8) 

9.2(-8) 

5 . 2(  -8) 

2.55(-8) 

t.48(-7) 

3 

2 .:(-7)  : 

6.  l(-8) 

9.2(-8) 

6.6(-8) 

4 . 1 ( -8) 

1 . 30(  -7) 

5 

1.46(-7) 

7.3(-8) 

9.6(-8) 

9 . 3( -8) 

8.0(-8) 

l.»7(-7) 

7 

l.64(-7) 

1 . 02(  -7) 

i.K-7) 

l.!7(-7) 

1 . 03(  -7) 

•  •  1 3( -7) 

10 

2 . 08(  -7) 

1.48(-7) 

1.77(-7) 

1.52(-7) 

1  •  3( -7) 

1.24(-7) 

15 

2.75{-7) 

l.93(-7) 

2.6(-7) 

2.1(-7) 

1.55(-7) 

1  •  74(-7) 

20 

3. 15( -7) 

2.2(-7) 

1.95(-7) 

2.27(-7) 

30 

3.6(-7) 

2.6(-7) 

3.4(-7) 

2.70(  -7) 
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Table  A. 4-2.  Mobilities  of  ions  In  atmospheric  gases.  Values  are 
in  units  of  10^  V"*  cm-*  sec-*.  (Source:  R-21,  Table  4) 


Ion 

[  GAS 

N2 

°2 

Air 

O 

N+ 

m 

(9.4) 

8.2 

(14.4) 

K 

n 

mm 

D 

(12.5) 

* 

— 

(6.9) 

6.2 

(11.5) 

»4+ 

(0.2) 

6.  3 

(6.5) 

6.3 

(11.1) 

0+ 

(8.4) 

8.8-10.0 

wm 

— 

14.4 

o 

to  -f. 

6.0 

6.7 

14.5 

°4 

(6.1) 

(6.4) 

(6.1) 

(11-0) 

NO+ 

(7.1) 

9.0 

(7.6) 

9.4 

14.8 

h3o+ 

(8.0) 

(8.  5) 

(8.1) 

(13.3) 

h3°+.  h2o 

(6.8) 

.... 

(7.1) 

(6.8) 

(11.8) 

°2 

(7.0) 

5.8 

EM 

(12.0) 

°3 

(6.4) 

■■ 

(6.4) 

(11.5) 

°4 

(6.1) 

■n 

6.0 

(11.0) 

i  n 

8 

(6.3) 

M 

(6.3) 

(11.0) 

co7 

(6.  9) 

rai 

(6.0) 

10 

10.8 

NO' 

(6.4) 

MM 

(6.5) 

(11.4) 

NO' 

(6.1) 

(6.4) 

(6.2) 

(11.0) 

(5.  9) 

(6.1) 

(6.0) 

(11.8) 
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LOG  AIR  TEMPERATURE,  kT  (eV) 


Figure  A. 4- 5.  Planck  mean  free  path  (values  shown  assume  chemical 
equilibrium,  neglecting  atomic  lines) .  (Source:  E-8,  Figure  17) 
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Figure  A.  4- 
(Source:  E- 


6.  Rosseland  mean  free  path  In  air. 
■8,  Figure  18) 
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CALCULATED  VALUE8  . 

Oj  ■  «D  ■  3  x  107  cm3  sec*1 

- Oj  ■  10~7,  e»D  =  3  x  10~7  cm3  sec  _1 

- o,  -  10  8,  =  3  x  10”7  cm3  sec-1 


♦  •  MEYEROTT  AND  EVANS 

•  BRADBURY  AND  JOHNSON 
•  JESPERSON  et  al. 

a  ULWICK 

•  OMHOLT 

- MC  DLARMID  AND  BUDZINSK1 

- WHITTEN  et  al. 

- PARTHASARTHY  AND  RAI 

o  LARSEN  AND  HOUSTON 

•  FOLKESTAD  et  al. 


LOG  EFFECTIVE  RECOMBINATION  COEFFICIENT  (cnT  sec  *) 


Figure  A.  5-1.  Effective  recombination  rate  coefficients -measured 
In  the  upper  atmosphere.  Wide  ovals  indicate  a  range  of  values 
for  Ogff  and  for  altitude.  Narrow  ovals  or  bars  indicate  an  altitude 
range.  E-region  values  are  plotted  at  110  km.  (Source:  R-9, 
Figure  2) 
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Figure  A.  5-5.  Ionization  produced  by  energy  deposition,  based 
onU.S.  standard  atmosphere,  1962.  (Source:  E-8,  Figure  16) 


SECTION  B 


CHEMICAL  REACTIVITY  DATA 


Page 

1. 

Species 

71 

2. 

Thermodynamic  s 

73 

3. 

Kinetics 

97 

a. 

Ionization  and  Ion-pair  formation 

97 

b. 

Recombination 

147 

c. 

Attachment  and  detachment 

157 

d. 

Ion-neutral  reactions 

169 

e. 

Neutral  reactions 

189 

f. 

Quantlzed-cnergy-transfer  reactions 

195 

B 

V6 


71 


(6118  •  0898  ) 

Z/L  US  s/t  E/lafc 


e  B.  2-2.  partial  Grotrian  diagram 


I 


t 


i 

\ 


Figure  B.  2-5.  Energy  levels  of  pertinent  atoms,  molecules, 
and  metallic  ions.  (Source:  R-20,  Figure  1) 
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Figure  B.  2-6.  Energy  levels  of  pertlnentions  above  those  of 
corresponding  ground-state  neutral  species.  (Source:  R-20, 
Figure  2) 
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Figure  B. 2-8.  Potential-energy  curves  for  NO-,  NO,  and  NO 
(Source:  R-10,  Figure  6) 
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Table  D.  2-1.  Molecular  weights  and  energies  of  formation,  dissociation, 
and  Ionization  for  selected  atoms  and  molecules.  (Source:  11-10,  Table  1) 


Species 

Molec. 

Energy  (or  Heat)  • 

Dissociation 

Ionization 

Weight 

of  Formation 

Energy 

Energy 

H" 

1.00852 

1. 485  eV  _  .  . 

— 

0.  754 

11.  974  x  10J  cm 

6.083 

34.  235  kcal/mole 

17.392 

11 

1.00797 

2.  239 

‘ - 

13. 598 

18.057 

109.679 

. 

51.627 

313. 585 

ll+ 

1.00742 

15.  837 

127.736 

365.213 

c" 

12.01170 

6.24 

I 

1.13 

60.4 

9.1 

144.0 

26.0 

c 

12.01115 

7.371 

- - 

11.259 

59.452 

90. 814 

« 

169.979 

259.648 

c+ 

12.001060 

18. 630 

— 

24.382 

150.265 

196.659 

429.627 

562. 272 

1 

) 

N 

14.0067 

4.  880 

14.534 

39. 359 

117.225 

112.532 

335. 160 

N+ 

14.0062 

19.414 

— 

29.601 

: 

156. 584 

238. 751 

j 

447.692 

682.618 

1 

1 

O' 

15.9999 

1.079 

1.478 

•;j 

8.  705 

11.925 

1 

-'l 

i 

24.  89 

34.10 

O 

15.9994 

2.  558 

— 

13.618 

20.630  | 

109.837 

'1 

58.984 

314.037 

o+ 

15.9989 

16.175 

— 

35.117 

.  > 

130.467 

283. 244 

•'< 

373.021 

809.  829 

,1 

Ar 

39.  948 

0 

“  “ 

15.759 

0 

127.110 

•  J. 

{■■■ 

0 

363.423 

*  • 

1  ; 

Ar+ 

39.947 

15.759 

. - 

27.629 

V 

127.110 

222.848  „ 

r  - 

i 

■ii 

363.423 

637.149 

Table  B,  2-1.  (Continued) 


Species 


Molec. 

Weight 


2.01594 


2.01539 


28.0106 


28.0100 


28.0134 


28.0129 


30. 0066 


30.0061 


30. 0056 


31.9993 


31. 9988 


31.9983 


17.0079 


17.0074 


Energy  (or  Heat) 
of  Formation 


0  eV  3  -1 

0  x  10  cm 

0  kcal/mole 

15.426 

124.418 

355.727 

-1.179 

-9.513 

-27.200 

12.834 

103.516 

295.063 


15.  580 
125.667 
359.297 

0.911 

7.35 

21.00 

0.931 

7.506 

21.46 

10.198 

82.253 

235.17 

-0.429 

-3.46 

-9.89 


12.063 

97.295 

278.178 

-1.43 

-11.51 

-32.9 

0.401 

3.24 

9.26 


Dissociation 

Energy 


4.478 
36. 118 
103. 266 

2.651 

21.379 
61.125 

11.108 
89. 595 
256.163 

8.  354(C+  -O) 

67.380 
192.648 

9.759 
78. 717 
225. 061 

8.711 
70. 264 
200. 893 

5.049(N-O~) 

40.72 

116.42 

6.  507 
52.483 
150.055 

10.  857  (N-0+) 
87.573 
250.  382 

4.066 
32.80 
93.  76 

5.115 

41.260 

117.967 

6.670 
53. 802 
153. 826 

4.  75  (o”-Il) 
38.  27 
109.4 

4.395(0-11) 

35.45 

101.33 


Ionization 

Energy 


15.426 
124.418 
355.  727 


14.013 
113.029 
323. 163 


15.  580 
125.667 
359.  297 

27.1 
219.0 
626.0 

0.020 

0.16 

0.46 

9.267 
74.  747 
213.  711 

30.  5 
246.  0 
703.  0 

0.429 

3.46 

9.89 

12.063 
97.295 
278. 178 

24.2 
195.0 
558.0 

1.83 
14.  75 

42.2 

12.94 

104.4 

298.4 
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TabloB.2-1.  (Continued) 


Moloc. 

Weight 


17.0068 


18.0153 


18.0148 


44.0100 


44.0094 


46.0060 


46.0055 


46.0050 


44.0128 


44.0123 


47.9987 


47.9982 


47.9977 


Energy  (or  Heat) 
of  Formation 


13.34  eV„  - 
107.  6  x  10  cm”1 
307.  7  kcal/mole 

-2.476 
-19.972 
-57. 103 

10.143 

81.81 

233.  9 

-4.075 
-32. 805 
-93.905 

9.694 
78.19 
223.  5 

-2.1 

-17.0 

-49.0 

0.372 
3.00 
8.  59 

10.15 
81.9 

234.  2 

0.881 
7. 107 
20.32 

13. 775 
111.11 
317.67 

-0.6 

-5.0 

-13.0 

1.506 

12.15 
34.74 

14.31 
115.4 
329.  9 


Dissociation 

Energy 


5. 05(O-H  ) 
40.7 

116.5.  J 

5.116(11-011) 

41.27 

117.98 

5.  84(lI-OH+) 
47.1 
134.7 

5. 453(C0-0) 
43.982 
125. 750 

5.179(C0-0+) 

41.77 

119.4 

4.l(N0-0") 

33.0 

94.0 

3. 116(N0-0) 
25. 13 
71.86 

2.60(NO+-O) 

21.0 

60.0 

1.67  7(N9  -6) 
13. 523 '  ' 

38.66 

1.  302(N-NO+) 
10.50 
30.02 

i.7(0  -O') 

14.  0V  2  ' 

38.0 

1.051(0.-0) 
8.48  V  .  1 

24.25 

0.  32(0*-0) 

2.5  V  2  ' 

7.3 


Ionisation 

Energy 


12.619 

101.78 

291.0 


13.769 

111.06 

317.5 


9.78 

78.9 

225.6 


12.894 

104.00 

297.35 


12.80 

103.2 

295.2 


Table  B.  2-9.  Lower  electronic  and  vibrational  energy 
levels  of  selected  dlatomlo  molecules.  (Source:  R-10 
Table  19) 


Molecule  I  Stole 


x2e+ 

9 


__+  w2_+ 
CO  XL 


no”  x3e” 


oh"  xV 


oh  x  n  '■ 


aV 


OH+  xV 


Electronic 

Energy 

Lowest  Vibrational 
i  Interval 

Ocm"^ 

j  4161  cm"1  . 

OeV  . 

0.516  eV  ' 

0 

t  ; 

i  2191  ; 

0 

0.272  ; 

0 

2184  , 

0 

j  0.271 

20408 

i  1535 

2.530 

!  0.190 

45633 

..  i  1679 

5.658 

j  0.208 

l 

0 

(1355) 

0 

;  (0.168)  ! 

0 

'  '  (1065) 

0 

,(0.132) 

0 

'  (3600)  ' 

0 

,(0.446)  i 

0 

j  | 

!  3570  ! 

'  0 

!  0.443  | 

'  32402 

•  '  2989  ’] 

4.017  ’ 

•’  |  0.371  ! 

0 

2967.  ! 

o 

.  0.368  | 

r 

27952 

1986 

3.466 

0.246 

^  ^  ^  ^  ^  '  -tj  ^  w  v*  >  V  jV  >*V  V  V 


I 


Table  B.2-10.  Vibrational  spacing  of  trlatomlc  molecules. 
(Source:  R-10,  Table  20) 


Molecule 

Ground 

Vibrational  IntervaN 

State 

Vl 

v2 

v3 

HjO 

3657  cm-1 
0.453  eV 

1595  cm-' 
0.198  eV 

3756  cm' ~] 
0.466  eV 

h2o+ 

<2v 

(-3200) 

(-0.40) 

(-1500) 

(-0.1?) 

(-3300) 

(-0.41) 

co2 

1 E+ 
g 

1388 

0.172 

667 

0.083 

2349 

0.291 

co2 

\ 

1280 

0.15? 

(-400) 

(-0.05) 

(1469) 

(0. 182) 

NO“ 

(1280) 

(0.159) 

(790) 

(0.098) 

(1210) 

(0. 150) 

no2 

(1320) 

(0. 164) 

750 

0.093 

1618 

0.201 

no2 

(1396) 

(0.173) 

(571) 

(0.071) 

(2360) 

(0.293) 

n2o 

1E+ 

2224 

0.276 

589  i 
0.073 

1285 

0.159 

n2o+ 

2n 

1737  / 
0.215 

461 

0.057 

1126 

0.140 

°3 

(2b,) 

(1260) 

(0.156) 

(800) 

(0.099) 

(1140) 

(0.141) 

°3 

\ 

1110 

0.138 

705 

0.087 

1042 

0.129 

°3 

(2A,) 

(-1300) 

(-0. 16) 

(-700) 

(-0.09) 

(-1600) 

(-0.20) 
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Table  B.2-12.  Radiative  lifetimes  and  transitions  for  principal 
atmospheric  species.  (Source:  R-20,  Table  1) 


Species  and  Stale 


Mean  Rodlatlve  lifetime 


ATOMS  AND  ATOMIC  IONS 


(2p3  5S°) 


C+(2P°) 


M(4S°) 


(2D°3/2) 


(2D°,/2) 


(3.  4P) 


N+(3P) 


(3*  5S°) 


(3s  3S°) 


oVs°) 


Ground  State 


3.2  k  10 


Ground  State 


Mod.  long 


Ground  State 


6.1  x  10 


1 .4  x  105 


2.5  x  10 


Ground  State 


Ground  State 


0.0006 


1 .8  x  10 


Ground  State 


Principal  Transition; 
A  (In  A); 

Nome  of  Transition 


3pe-lD;  9823,  9850 


'd-*-  's  ;  8727 


3Pe-5S  ;  2965,  2967 


2P°4-4P;~2330 


*S°-  ZD°,y5  ;  5200  (nebular) 


Ve-  2D°5/5  ;  5201 


2dV2P°,  10,396;  10,404 


4S°«-  4P  ;  1200,  1201 


3Pe-  ’d  ;  6584  ,  6548 


*D«-  !S  ;  5755 


3P  4-  'd  ;  6300,  6364  (red  lines) 


W  *S  ;  5577  (green  line) 


3Pe-5S°;  1356,  1359 


3p ♦*  3S°  ;  1302,  1305,  1306 


Approx . 

AEu 

(eV) 


Table  B. 2-12.  (Continued) 


Sp«cie>  and  Stale 

Mean  Radiative  Lifetime 
(»ee) 

Principal  Transition; 

A  (In  A);  i 

Name  of  Transition 

Approx . 
AE|f 
(eV) 

ATOMS  AND  ATC 

)MIC  IONS  (Cont'd.) 

.  J  .  .  .*  •  »  1  •  . 

’ 

0Vd°3/2) 

5.9  x  I03 

4S°  ♦  2D°jyj  ;  3726  (nebular) 

3.33 

(2°0V2> 

2. T  k  I04 

4S°e-  2D°5/2 , 3729  .  1 

3.32 

<!,v 

5.4 

Ve-  2P°j/2 , 7319,  7330  (auroral) 

1.69 

(2f,°3/2) 

4.2 

Ve-V^;  7319,  7330 

1.69 

DIATOMIC  MOLE 

IULES  AND  MOLECULAR 

IONS 

n2(x'z:J) 

Ground  State 

(A  3EuV 

l.3(F2);2.7(F,,  F3) 

A  -e  X  (Vegord -Kaplan) 

6.2 

(B  ^g) 

8.0  xIO"6 

B-*A;  10,510  (first  poiltlve) 

1.2 

(W3A0) 

Long 

w+x  ;  i 

7.4 

W-eB  f  i 

0.003 

(B1  ^J) 

I0~5e«t. 

I'-eB  (Y  bonds) 

0.8 

(o’  'EJ) 

*0.04 

o'  •*  X  (Wilkinson)  ^ 

8.4 

(° 'nB) 

1.4  x  I0"4 

a-eX;  1450  (Lyman-BIrge-Hopfleld) 

8.6 

(w  ’au) 

lO"4  eif.  < 

w-e  a;  36,400  .  j 

0.3 

n2(x  \) 

Ground  Slot* 

;  i 

: 

,| 

(A  2n0) 

1.2  x  I0"5  (v  ■  3) 

.  ! 

A-eX;  11,036  (Melnel)  j 

1.0 

(B  2Eu) 

5.9 x  10‘ 

B  -*X;  3914  (flrsl  negative) 

i.  * 

3.2 

(4eJ) 

Mod.  Long 

4t;-x 

~6 

no(x  2n) 

Ground  State 

•  '  i 

(°4n) 

-0.I6 

o  ->X 

4.7 

Table  B.  2-12.  (Continued) 


A  c 


Li* 


CV 


•.I  .?■ 


i 


I.  if':' 

» 


I  . 
: 


i- 


I  ; 


Special  and  Slate 

Mean  Radiative  Lifetime 
(iec) 

Principal  Transition; 

X  (in  A)> 

Name  of  Traniltlon 

Approx . 

AE|f 

(eV) 

DIATOMIC  MOLE< 

lULES  AND  MOLECULAR 

ONS  (Cont'd.) 

NO(A  V) 

2.0  x  I0'7 

A-eX;  2265  (ybandi) 

5.5 

(B  2n)  ■ 

3.6  x  I0“6 

B-eX;  (fi  bands) 

5.6 

NO+(X  ’E4) 

Ground  State 

(o3E*) 

Long 

o-eX 

6.4 

(b  3m 

1.4  x  I0'4 

b-e  a 

0.9  ; 

(w  3A) 

~I0‘4  eit. 

w-eb 

0.3 

no2(2b,) 

5.5  x  10~5  to  9.0  x  I0’5 

a2b,-*-x2a, 

o2(x  3e-) 

Ground  State 

(o  'Ag) 

3.9  x  I03 

o-eX;  12,680  (Infrared  atmospheric) 

0.98 

0»  ,Eg) 

12 

b-eX;  7619  (atmospheric) 

1.63 

(e  ’EJ) 

Long 

e-sXj  2656  (Herzbtrg  Q) 

4.0 

(c  3a„) 

Long 

C-eX  (HerzberglD) 

~4.2 

C-*  a 

(A  3E4) 

0.03 

A-»X;  2856  (Herzberg  I) 

4.3 

A-eb;  4586  (Brolda-Goydon) 

(B  3EJ) 

4.2  x  10'8 

8-*X;  2030  (Schumonn-Runge) 

6.1 

°2(x  2n5) 

Ground 

(° 4n„) 

Long 

o-eX;  6026 

4.0 

(a  2n„) 

7  x  10'7 

A-*  X  (second  negative) 

5.0 

(b4Eg) 

1.1  x  I0'6 

b-e  a;  6026  (first  negative) 

2.1 
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(Source:  R-5,  Figure  4) 
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Figure  B.3.a-2.  Atomic  oxygen  cross-sections: 
(Source:  R-12,  Figure  8) 
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Figure  B. 3. a-10.  (Source:  R-14,  Figure  6)  Figure  B. 3. a-11.  (Source:  R-14, 

Figure  11) 
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Figure  B. 3. a-18.  (Source:  R-14,  Figure  48)  Figure  B. 3.  a-19.  (Source:  R-14,  Figure  49) 
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Figure  B. 3. a-24.  (Source:  R-14,  Figure  54)  Figure  B. 3. a-25.  (Source:  R-14,  Figure  55) 
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ELECTRON  ENERGY  (eV) 


Figure  B. 3. a-41.  (Source:  H-14,  Figure  39) 


Table  B.3.a-1.  Effective  dissociative  Ionization 


cross-sections  of  N2. 


(Source:  R-14,  Table  3) 


n+/n2 


Wavelength 

(A) 

i  Transition 

E  (eV) 

o(10"18cm2) 

623.9 

3s'  5P  -  2p'  5S 

100. 

0.23 

645.6 

2p'  3S  -  2p3P 

100. 

0.25 

*  671.4 

2s3P  -  2p3P 

100. 

4.5 

746.4 

3s'P  -  2p?D 

100. 

3.2 

746.4 

2p'  'p  -  2p 1 S 

100. 

3.2 

775.1 

2p'  ’d  -2p’d 

100. 

2.3 

918 

2p*  3P  -  2p3P 

j  100. 

11.9 

1084.4 

2p'  3D  -  2p3P 

1 

1 100. 

20.4 

5667 

3pJD2  -  3s JP,  •• 

500. 

0.0886 

5680 
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500. 
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Figure  B. 3.  a-43.  Nitric  oxide  cross-sections.  Solid 
curve  is  absorption  cross-section;  points  are  Ionization 
cross-section.  (Source:  R-12,  Figure  13) 
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Figure  B. 3.  a-45.  (Source:  H-14,  Figure  42) 
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Figure  B.  3.  a-46.  Ozone  cross-sections.  Wavelength 
3000-3600  A.  (Source:  R-12,  Figure  14) 
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Figure  B. 3.  a-47.  Ozone  cross-sections.  Wavelength 
2000-3000  A.  (Source:  R-12,  Fjgure  15) 
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Figure  B.3.a-48.  Carbon  dioxide  cross-sections. 
(Source:  R-12,  Figure  16) 
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Figure  B. 3. a-49.  (Source:  R-14,  Figure  67) 
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Figure  B. 3. a-52.  (Source:  R-14,  Figure  70)  Figure  B.  3. a-53.  (Source:  R-14,  Figure  71) 


CROSS-SECTION  (10“  cm  )  >  CROSS-SECTION  (10 


I 


Figure  B. 3.  a-55.  (Source:  R-14,  Figure  73) 
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Figure  B. 3. a-GO.  (Source:  R-14,  Figure  78) 
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Figure  B. 3. a-62.  (Source:  R-14,  Figure  60) 
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Figure  B.3.a-63.  Water  vapor  cross-sections. 
(Source:  11-12,  Figure  17) 
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Figure  B. 3. a~65.  (Source:  R-14,  Figure  64) 
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Figure  B. 3. a-66.  (Source:  R-14,  Figure  62) 
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Table  B.  3.  a-2.  Absorption  and  ionization  cross-sections  of 
02,  N2,  and  O  at  solar  lines.  Cross-sections  in  megabarns 

(10~l®cm2).  (Source:  It-12,  Table  3)  ! 
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937.8 

II  Ly 

6.0 

3 

10 

0 

930.7 

H  Ly 

26 

17 

4.8 

0 

i  S..V: 

i 

904.0 

C  II 

11 

6.3 

6.3 

0 

3.0 

jfg 

835.3 

O  III 

10 

3.7 

20 

;  o 

2.6 

•  /V* 

835.1 

O  III 

10 

3.7 

41 

0 

2.6 

834.5 

O  II 

11 

4.0 

7.5 

0 

2.6 

f% 

833.7 

O  III 

13 

5.1 

■  6 

0 

2.6 

*T  i  i 

4‘  * ' 

833.3 

O  II 

13 

6 

2.3 

0 

2.6 

>•  •:  V 
■  ?  " 

832.9 

O  III 

26 

10 

7 

0 

2.6 

832.8 

O  U 

26 

10 

2.1 

0 

2.6 

[  !;tl 

790.2 

O  IV 

28 

10 

22 

10 

2.9 

790.1 

o  rv 

28 

10 

28 

li 

2.9 

*  t'T  ; 

:•  *V 

787.7 

O  IV 

24 

13 

10 

8 

2.9 

* 

•/'  \cf* 

/  -.vjJ: 

780.3 

Ne  VIII 

28 

11 

19 

- 

2.9 
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Table  B.3.  a-2.  (Continued) 


Solar  Line 
A  (A) 

°2 

n2 

O 

Class. 

<7 

°l 

a 

a  -  Oj 

770.4 

Ne  VIII 

18 

11 

15 

- 

7 

765. 1 

N  IV 

23 

12 

67 

51 

3.0 

760.4 

0  V 

20 

10 

40 

22 

2.9 

703.8 

0  111 

26 

23 

22 

20 

6.5 

702.3 

0  III 

24 

21 

24 

22 

6.5 

686.3 

N  III 

22 

22 

25 

24 

6.5 

685.8 

N  III 

18 

18 

26 

25 

6.5 

685.5 

N  III 

18 

18 

25 

24 

6.5 

685.0 

N  HI 

26 

26 

25 

24 

6.5 

.  629.7 

O  V 

30 

29 

23 

23 

9.0 

625.0 

Mg  X 

25 

24 

24 

23 

9.0 

610.0 

Mg  X 

27 

25 

24 

24 

9.0 

599.6 

O  HI 

28 

27 

23 

22 

9.0 

584.3 

He  I 

23 

23 

23 

23 

9.5 

555.3 

O  IV 

26 

25 

25 

24 

9.5 

554.5 

O  IV 

26 

26 

25 

23 

9.5 

554.1 

O  IV 

26 

25 

25 

24 

9.5 

553.3 

O  IV 

26 

24 

25 

24 

9.5 

537.0 

He  I 

21 

21 

25 

24 

9.3 

525.8 

O  III 

25 

24 

26 

26 

9.3 

522.2 

He  I 

21 

21 

24 

23 

9.3 

508.2 

O  III 

24 

23 

22 

22 

9.3 

507.7 

507.4 

O  III 

23 

22 

24 

24 

9.3 

435.0 

O  III 

21 

21 

24 

24 

9 

430.2 

430.0 

429.9 

O  II 

18 

18 

21 

21 

9 

303.8 

He  I 

17 

17 

12 

12 

8.5 

Table  13.3.a-4.  Mo.ecnl.r 

strong  emission  line.  1"  megabarn.  (10  cm  1 .  1 
Table  6  a) 


Emission 
Lines  (A) 


Total  I  Ionization 


Ion  Products 


Neutral  Neutral 

„  Product 


Nll"l 

1085.70 
1084.57 
1083.98 
1085.  54 


Excitation 

Excitation 

Excitation 

Excitation 


834.467 

833.332 

832.762 


Excitation 

Dlssoc. 

Dlssoc. 


991.  579 
989.790 
991.514 


Excitation 

Excitation 

Excitation 


N|U  <3 

685.816 
685.513 
686.335 
684 . 996 


Dissoc. 

Dissoc. 

Dlssoc. 

Dlssoc. 


°III  *l 
835.292 
B33.742 
832.  927 
835.096 


Excitation 

Dissoc. 

DI6SOC. 

Excitation 


V 

1238.81 
1242. B0 


Excitation 
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.1 


1 


Table  B.3. a-5.  Molecular  nitrogen,  N£:  photon  cross-sectlonB 

for  strong  emission  lines  In  megabarns  (10-*8  cm2) . 

(Source:  R-12,  Table  6b) 


Emission 

Ionization 

Ion  Products 

Neutral 

Neutral 

Lines  (A) 

H 

*1 

X 

\ 

aN 

Product 

Nn  #2 

* 

' 

■ 

916.700 

14-32 

0 

0 

0 

14-32 

Excitation 

916.004 

.4-2.8 

0 

0 

0 

H 

.4-2.8 

Dissoc. 

915.955 

.4-2.8 

0 

0 

El 

mm 

.4-2.8 

Dissoc. 

915.603 

.8-1.7 

0 

0 

H 

0 

.8-1.7 

Excitation 

Nm  n 

■ 

764.357 

13 

10 

10 

1 

0 

3 

Dissoc. 

763.340 

28 

19 

19 

Kfl 

H 

9 

Dissoc. 

°m  «2 

■ 

j  ’ 

703.850 

22 

20 

4 

16 

0 

2 

Dissoc. 

702.899 

23 

21 

4 

17 

0 

2 

Dissoc. 

702.822 

23 

21 

4 

17 

0 

2 

Dissoc. , 

702.332 

24 

22  . 

.  5 

17 

H 

2 

Dissoc. 

°iv#1 

■■ 

R 

■ 

m  | 

790.203 

22 

■ 

0 

Dissoc. 

787.710 

10 

u 

n 

0 

HUH 

Dissoc. 

790.103 

28 

1  ,:f.  BH 

Bfl 

0 

0 

17 

Dissoc. 

V1 

629.732 

23 

23 

t 

8 

9 

6 

0 

“ 
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Table  B.  3.  a-G.  Molecular  oxygen,  03:  photon  cross-sections  for  very 
strong  emission  lines  In  mcgabarns  (10 “18 cm2) .  (Source:  11-12, 
Table  7a) 


Emission 

Total 

Ionization 

Ion  Products 

Neutral 

Neutral 

Lines  (A) 

ffT 

*1 

a, 

lx 

alaA 

% 

WN 

Product 

V1 

1085.70 

2.4 

0 

0 

0 

0 

2.4 

Dissoc. 

1084.57 

1.4 

0 

0 

0 

0 

1.4 

Dissoc. 

1083.98 

1.1 

0 

0 

0 

0 

1.1 

Dissoc. 

1085.  54 

2.2 

0 

0 

0 

0 

2.2 

Dissoc. 

°11#1 

834.467 

11 

4 

4 

0 

0 

7 

Dissoc. 

833.332 

15 

6 

6 

0 

0 

9 

Dissoc. 

832. 7G2 

26 

10 

10 

0 

0 

16 

Dissoc. 

Mu,  11 

991 . 579 

1.8 

1.2 

1.2 

0 

0 

0.6 

Dissoc. 

989.790 

1.4 

1.0 

1.0 

0 

0 

0.4 

Dissoc. 

991.  514 

1.8 

1.2 

1.2 

0 

0.6 

Dissoc. 

NII1  "3 

II 

I  I 

085. 81G 

18 

18 

6 

mm 

2 

0 

- 

685.513 

18 

18 

6 

El 

2 

0 

- 

G8G.335 

22 

22 

7 

19 

2 

0 

- 

684.996 

26 

26 

9 

m 

2 

0 

- 

°m  n 

835.292 

10 

4 

4 

0 

0 

6 

Dissoc. 

833.742 

13 

5 

5 

0 

0 

8 

Dissoc. 

832.927 

26 

10 

0 

0 

16 

Dissoc. 

835.096 

10 

4 

4 

0 

0 

6 

Dissoc. 

N]V#1 

765.140 

23 

12 

11 

1 

0 

11 

Dissoc. 

Nv  #1 
1238.81 

0.3 

0 

0 

0 

0 

0.3 

Dissoc. 

1242.80 

4  ±2 

0 

0 

0 

0 

4*2 

Dissoc. 

Table  B.3.a-7.  Molecular  oxygen,  03:  photon  cross-sections 
for  strong  emission  lines  in  megabarns  (10“*®  cm'*) . 

(Source:  R-12,  Table  7b) 


Emission 

Ionization 

Ion  Products 

Neutral . 

Neutral 

Lines  (A) 

H 

:  *1 

aix 

aiaA 

ffib 

: 

Product 

NIl"2 

* 

1 

1 

91G.700 

16 

10 

0 

0 

6 

Dlssoc. 

91G.004 

6 

3 

3 

0 

2  ' 

Dlssoc.  j 

915.955 

5 

i  3 

3 

0 

0 

2 

Dlssoc. 

915.  G03 

5 

•  3 

3 

H 

0 

2 

N1.I  *2 

■ 

■ 

r'~ ; 

7G4.357 

18 

10 

n 

0 

Dlssoc. 

763*340 

22 

12 

H 

m 

s  1 

Dlssoc. 

°m  "2 

R 

1 

703.850 

28 

25 

PI 

12 

Dlssoc. 

702.899 

30 

26 

BR 

12 

0 

Dlssoc. 

702.822 

30 

26 

14 

12 

0 

Dlssoc. 

702.332 

21 

18 

10 

8 

0 

3 

1 

Dlssoc. 

°iv#1 

■ 

■ 

•' 

790.203 

28 

10 

10 

0 

0 

.  18 

Dlssoc. 

787.710 

24 

:  13 

13 

0 

0 

11 

Dlssoc. 

790.103 

28 

10 

10 

0 

0 

18 

Dlssoc. 

ov#i 

• 

629.732 

30 

29 

6 

10  ! 

12 

1 

Dlssoc. 

Table  B.3.a-8.  Atomic  oxygen  O,  and  atomic  nitrogen,  N: 
photon  cross-sections  for  very  strong  emission  lines  in 
mcgabarns  (10-18  cm2).  (Source:  It-12,  Table  8a) 


ATOMIC  OXYGEN 

ATOMIC  NITROGEN 

Emission 

Total 

Ion  Products 

Total 

Lines  (A) 

°i 

ffiS 

% 

aiP 

ffi 

N1I  n  * 

1085.70 

0 

0 

0 

0 

0 

1084. 57 

0 

0 

0 

0 

0 

1083.98 

0 

0 

0 

0 

0 

1085.  54 

0 

0 

0 

0 

0 

V1 

834 . 467 

2.6 

2.6 

0 

0 

10 

833.332 

2.6 

2.6 

0 

0 

10 

^832.762 

2.6 

2.6 

0 

0 

10 

Nlil  1,1 

991.579 

0 

0 

0 

0 

0 

989.790 

0 

0 

0 

0 

0 

991.  514 

0 

0 

0 

0 

0 

NjU  "a 

685. 816 

6.5 

3.0 

3.5 

0 

6 

685. 513 

6.0 

3.0 

3.5 

0 

6 

686.335 

6.5 

3.0 

3.5 

0 

6 

684.996 

6.5 

3.0 

3.5 

0 

6 

°m  n 

835.292 

2.6 

2.6 

0 

0 

10 

833.742 

2.6 

2.6 

0 

0 

10 

832.927 

2.6 

2.6 

0 

0 

10 

835.096 

2.6 

2.6 

0 

0 

10 

Niv#l 

765. 140 

3.0 

3.0 

0 

0 

10 

Nyffi 

1238.81 

0 

0 

0 

0 

0 

1242.80 

0 

0 

0 

0 

0 
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Table  B.3.a-9.  Atomic  oxygen,  O,  and  atomic  nitrogen, 
N:  photon  cross-sections  for  strong  emission  lines  In 
megabarns  (10'*®  cm^) .  (Source:  R-12,  Table  8b) 


Emission 
Lines  (A) 

ATOMIC  OXYGEN 

ATOMIC  NITROGEN 

Total 

Ion  Products 

Total 

ffi 

ais 

aID 

atP 

ffi 

n,,  n 

ii 

91G.700 

0 

0 

0 

0 

0 

916.004 

0 

0 

0 

0 

915.955 

0 

0 

0 

0 

0 

915.603 

0 

0 

0 

0 

NItI  n 

1 

■ 

in 

764.357 

H 

0 

0 

10 

763.340 

m 

1 

H 

m 

10 

°m  *2 

703.850 

6.5 

n 

3.5 

i 

9 

702.899 

6.5 

111 

3.5 

0 

9 

702.822 

6.5 

3.0 

3.5 

0 

9 

702.332 

6.5 

EH 

3.5 

m 

9 

0„,  #1 

1 

IV 

790.203 

2.9 

2.9 

0 

10 

787.710 

2.9 

2.9 

mm 

K2 

10 

790.103 

2.9 

2.9 

_ 

y 

H 

10 

ov#i 

■ 

629.732 

9.0 

4.0 

2.3 

12 

Table  B.3.a-10.  Nitric  oxide,  NO:  photon  cross-sections 
for  very  strong  emission  llneB  In  megabarns  (lO-*®  cm2) . 
(Source:  R-12,  Table  9a) 


Emission 

— 

Ionization 

Ion  Products 

Neutral 

Lines  (A) 

■H 

al 

aiX 

aIA 

aiB 

aN 

Nffl  #1 

1085.70- 

9 

7 

7 

0 

0 

2 

1084.57 

8 

6 

6 

■1 

1  "“A 

2 

1083.98 

8 

6 

6 

:  H 

0 

2 

1085.54 

9 

7 

7 

■ 1 

1 

2 

°n'i 

834.467 

21 

11 

11 

0 

0 

10 

833.332 

!  20 

10 

10 

0 

ma ) 

10 

832.762 

16 

9 

9 

$'■ i  <1 

Ha 

7 

Nm #l 

991.579 

8 

8 

■ 

0 

9 

989.790 

18 

9 

9 

0 

0 

9 

991.514 

17 

8 

8 

0 

0 

9 

>%,  '3 
685.816 

18 

17 

5 

7 

5 

1 

685.513 

18 

17 

5 

7 

5 

1 

686.335 

21 

19 

6 

7 

6 

2 

684.996 

19 

17 

5 

7 

5 

2 

°m #1 

835.292 

21 

9 

9 

0 

0 

12 

833.742 

18 

9 

9 

0 

0 

9 

832.927 

17 

10 

10 

0 

0 

7 

835.096 

22 

10 

10 

0 

0 

12 

Njj  *  1 
765.140 

15 

9 

6 

3 

0 

6 

Ng  #1 
1238.81 

2.1 

1.6 

1.6 

0 

0 

0.5 

1242.80 

2.1 

1.7 

1.7 

0 

0 

0.4  | 

Table  B. 3. a-11.  Nitric  oxide,  NO:  photon  cross- 
sectlons  for  strong  emission  lines  in  megabarns  ( 
(10"*®cm2).  (Source:  11-12,  Table  9b) 


Emission 
Lines  (A) 

Total 

Ionization 

Ion  Products 

Neutral 

ffT 

ffl 

ffiX 

°iA 

fflD 

°N 

NIl"2  . 
916.700 

31 

9 

o 

0 

22 

916.004 

30 

10 

10 

0 

20 

915.955 

30 

10 

10 

0 

0 

20 

915.603 

29 

10 

10 

0 

H 

19 

N11I  #2 
764.357 

34 

1 

6 

0 

15 

763.340 

13 

B 

2 

o 

7 

°H1  "2 
703.850 

21 

18 

1 

i 

8 

3 

3 

702.899 

20 

18 

8 

3 

2 

702.822 

20 

18 

H 

8 

3 

2 

702.332 

19 

18 

U 

8 

3 

1 

oIvn 

790.203 

N 

10 

9 

■ 

0 

8 

787.710 

11 

10. 

H 

0 

6 

790.103 

17 

10 

9 

n 

0 

7 

ovn 

629.732 

21 

21 

5 

8 

8 

0 

i: 

Rt 
■  {# 


1,1..  i 
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RECOMBINATION  COEFFICIENT  a(N*)  (cm 


N  '•>  "T  "  VARIATION 


TEMPERATURE  (K) 


Figure  B.3.b-1.  Two-body  electron-ion  recombination 
coefficients,  alNjj)  and  a(Nf) .  The  symbol  T  refers 
to  conditions  such  that  Te  =  T+  =  Tgas  and  the  symbol 
Te  to  the  condition  T+  =  TgaB  =  300  K,  with  Te 
variable.  (Source:  11-16,  Figure  1) 


CHEMICAL  REACTIVITY  DATA 

Kinetics 

Recombination 


i  ill |,i  i  i  1  a  1 1 1 1 1 1 1  i  t  t  t.l  mil - 1 — • — i — La 

200  400  600  1000  2000  4000 

TEMPERATURE  (K) 


Figure  B.3.b-2.  Two-body  electron-ion  recombination  coefficient 
afO^)  as  a  function  of  temperature.  (Souroe:  R-16,  Figure  3) 
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Figure  B.3.b-3.  Two-body  electron-ion  recombination  coefficient 
ff(NO+)  aa  a  function  of  temperature.  Experimental  results  for 
Te  =  T+  =  Tgas.  Theoretical  calculations  are  also  shown. 
(Source:  R-1G,  Figure  2) 


149 


+  e  -  Products  (3*2)  [-7]  (-0. 5*0. 2) 

•NO  +  e  -  NO  +  NO  (1. 7±0.5)  [-6]  (-1.0*0  5) 


3  3 

t-  CD 


•Q  4- 

o  T 

^  CVJ 

ft  o 


Products  (Probably 


NOTES 


L ™  OT.ox 


CROSS-SECTION  (10  “cm*)  CROSS-SECTION  (10* 


ELECTRON  ENERGY  (eV) 


Figure  D.3.C-3.  (Source:  H-14,  Figure  61) 


Figure  B. 3. c-4.  (Source:  H-14,  Figure  44) 
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Figure  B.3.C-5. 
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(Source:  R-14,  Figure  65) 
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Figure  B.3.C-6.  (Source:  11-14,  Figure  80) 
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Table  B. 3.e-2.  Three-body  neutral  recombination  reactions  and  suggested  rate  constants 
k=  a(T/300)be~C//T.  (Source:  R-24,  Table  1  (XXVII)) 
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Table  U.3.  f-5.  Quenching  data  for  Ng 
(Source:  R-20,  Table  4) 


Rate  Constant* 

Quenchant 

/  3  -1\ 

(cm  sec  ) 

N2 

<3  x  10"19 

<  1.2  x  10'18 

°2 

<  4  x  10"10 

-19 

3.8  x 10  1 

0 

S  3  x  10-11 

N 

5  x  10"11 

5  x  10 


-11 


NO  7  x  10"11 

♦More  than  one  literature  reference  cited  in 
some  instances. 
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Figure  B.3.f-5.  Nitrogen  vibrational  excitation  rate  constants  as 
a  function  of  the  electron  kinetic  temperature  for  300  K  N2  kinetic 
temperature.  (Source:  R-20,  Figure  3) 


Table  B.3.f-6.  Energy  transfer  from  N+.  (Source:  R-20,  Table  2) 


Table  B.3.f-7.  Quenching  data  for  0„(*A  j. 
(Source:  R-20,  Table  G)  ® 
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♦More  than  one  literature  reference  cited  in 
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TabLe  B.3.f-8.  Deactivation  of  O ^  (v  =  1) 
(Source:  R-20,  Table  5) 
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Table  B.3.f-12.  Collisional  vibrational-state  quenching  reactions 
and  suggested  rate  constants,  k  =  a(T/300)be-c/,T.  (Source:  R-24 
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Table  C.  1-1.  (Continued) 
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Figure  C.l-5.  Irradlance  at  the  top  of  the  atmosphere, 
for  quiet  sun  and  two  blackbody  sources.  (Source:  R-ll, 
Figure  7) 
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ABSORPTION  COEFFICIENT  (cm" 
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Figure  C.  2-1.  Oxygen  absorption  cross-sections  in  the  Ilerzberg 
continuum.  The  one-atmosphere  cross-section  iB  denoted  by  Oj 
and  the  extrapolated  zero-pressure  cross-section  by  aQ. 

(Source:  11-12,  Figure  1) 
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Figure  C.2-2.  Oxygen  absorption  cross-sections,  Schumann-Itunge 
bands  (1,  0  to  6,  0).  (Source:  R-12,  Figure  2) 
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*  Figure  C.  2-3.  Oxygen  absorption  cross-sections,  Schumann-Rung e 
bands  (4,  0  to  16,  OK  (Source:  R-12,  Figure  3) 
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Figure  C.2-4.  Oxygen  absorption  cross-sections  in  the 
Schumann-Runge  continuum.  (Source:  R-12,  Figure  4) 
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CROSS-SECTION  (M  barns) 


Figure  C.2-7.  Calculated  emlsslvlties  of  oxygen  plasma 
at  6000  K.  (Source:  R-ll,  Figure  10) 
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Table  C.2-1.  Atomic  oxygen  lines  which  may  absorb  solar  lines. 
Atomic  oxygen  resonance  lines  (1302,  1305,  1306  A)  not  included. 
(Source:  R-12,  Table  6)  •  1 
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| 

937.8 

937.84 

3P2  -  7s'  V 

930.7 

:  930.89  1 

i 

3Pt  -  7d  3D° 

( 

835.3 

835.44 

XD2-  10d'  1 1F°,  V 

834.6 

834.34 

i 

1D2  -  12s'  ^  1D° 

832.9 

i 

833.10  ! 

1  ^2  -  12d'.  1F°,  1D° 

! 

787.7 

788.18 

lD2  -  5s"  V 

770.4 

770.35 

3P1  -  4d'  V 

761.1 

761.26 

XD2  -  6d*  1F°,  1D° 

,  > 

686.3 

1 

686. 28 

3P;  -  5d*  3P°,  3D° 

685.5 

i  685.54 

3P2  -  5d*  3P°,  3D° 
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Table  C. 2-2.  Data  on  infrared  bands  of  atmospheric  interest.  (Source-  R-ll 
Table  1  and  additional  material  ( L) )  ’ 
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Table  C. 2-2.  (Continued) 


FeO _ 0.418  Av=  1 _ 870 _  11.49  450 

\iO  0.641  1-0 _ 965 _ 10.36  190 

From  a  theoretical  calculation,  after  Billingsley. 


Table  C.2-3.  f-Numbers  for  some  Important  allowed  electronic  transitions. 
(Source:  Capt.  Richard  Harris,  AFWL)  i  ' 


Table  C.2-4.  Resonance  fluorescence  excitation  relationships. 
(Source:  R-ll,  App.  II  and  additional  material  (L) ) 


Following  are  a  group  of  definitions  and  equations  which  are  useful  in 
calculating  infrared  emission  rates  of  gases: 


Definitions 

(  -2 
SVcm  atm 


S  (cm  2  atm 
e 

f 


NcolUr2)- 

(pni) 

A  (sec-1) 


«) 

->) 


B  (watts  cm  2  ster-1  pm  1) 


HAp  °r 


-2  -1 
watts  cm  urn 


) 


Integrated  bandstrenglh  of  a  transition 

Bandstrength  of  an  electronic  transition 

Oscillator  strength  or  "f-value"  of  a 
transition 

Column  density  of  a  radiating  species 

Wavelength  of  a  transition 

Einstein  spontaneous  radiative 
transition  probability 

Surface  brightness  of  a  radiating 
volume 

Irradiance  falling  upon  a  surface  from 
either  earthshlne  or  sunshine, 
respectively. 

Fraction  of  molecules  in  an  irradiated 
column  excited  per  second  under  the 
influence  of  sunshine  irradiance 


B.  Equations 


S  =  0.357A2  A  =  2.38  x  107  f 
p 

-19  -1  -1 

hu  =  1.98  x  10  A  watt-sec  photon 

r* 

F  =  1.87  x  10-5  A3  IT  S 
p  Ape 

F  x  N  j  =  excitation  rate  along  a  line  of  sight 

O  C  O 

B  =  F  N  .  hu/47r  =  2.94  x  10  40  A  R.  SN  . 
col  p  Ape  col 

in  the  absence  of  quenching 


C.  Unit  Conversions 

6  -2  -l 

1  Rayleigh  =  10  photons  cm  sec 


photons  cm-2  sec-1  ster-1  ^1.98  x  10-13A^  1  (pm )j-  watts  cm  2  ster  1 


-2  -1  .  -1 
ergs  cm  sec  ster 


(  -7^  -2  -1 

V10  /  =  watts  cm  ster 


kiloRayleighs  (l.58  x  10-11  A^-1  (pm j)  =  watts  cm-2  ster-1 
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Table  C.2-5.  Fluorescence  efficiencies  measured  in  auroras. 
(Source:  R-9,  Table  6)  '  -  ! 


Transition 


Nj( 0,  0)  B2E-X2E  lit  neg . 


Fluorescence 

Efficiency 


Comments 


4278  1^(0,  0  )B2E-X2Elst  neg. 


3914 

4278 

4709 

Nj(0,  0)B2E-X2£  1st  neg. 

3.7x10-3 

1.0x10^ 

2.2x10 

1180 

N2(0,13)h,E-X,EW-K 

3x1  O'5 

1200 

N14P-4S 

4x10*3 

7X10*4 

"  1216 

H  Lyman  a 

5x10-2 

1240 

N2  BH(5, 1 1) 

7xl0-5 

N2  BH  or  N  I 

6x1 0"4 

1273 

N2  LBH(6,0)a'n-X,E 

1 .  lxlO-4 

1325 

N2  LBH(4,  0) 

2.6XI0-4 

1339 

N,  LBH(5, 1) 

6x10-5 

1354 

o 

rTa- 

_>*0 
i  tv1-4 

Z  O 

5X10"4 

1356 

3X10"4 

3xlO"3 

1382 

N2  LBH(5,2) 

7.5xl0'5 

1384 

N2  LBH(2, 0 ) 

4X10-4 

lxlO-4 

1412 

N2  LBH(4,2) 

2xl0~j 

1416 

N2  LBH{1,0) 

2x10"* 

1426 

N2  LBH(5, 3) 

7x1 0"5 

1430 

N2  LBH(2, 1) 

3X10"4 

1444 

N2LBH(3,2) 

2X10"4 

1464 

n|  LBH(1, 1) 

3XI0"4 

8X10"4 

1473 

N2  LBH(5,4) 

8xI0"5 

1493 

N?  LBH(3,3) 

lxlO-4 

1493 

N  [  2P-2t> 

3X10-4 

lxlO'3 

N2  LBH(4,4) 

N2  LBH{  1 , 2) 

N2  LBH{2,3) 

N2tBH(0,2).  '■* 

l 

Total  N2  BH  system  , 

1205-2602  Total  N2  LBH  system 
(a’n-X'E)! 


N2  Vegard-Kaplan  bands 
A3E-X'E 

<v'  *  0)  N2  Vegard-Kapl 
(v>  =  I)  N2  Vegard-Kapl 

on2p-4s 
oi  's-3p 

N2(0,  0 )  (2nd  pos.) 

Nl2p-4Sl 

on2D-4s, 

N2  2nd  pos.  C  3n-B3n 
Total  N2  2nd  pos. 


OI  3P-3S 

on  2d-2p 


IxlO-4 

5x10*4 

in-4 


(>  110km) 

3xlO"2 
(>  130  km) 


1.0x10" 


2.2*10"^ 

2.5xlO"3 
I  a“5 


1.6x10^ 

5xl0"3 

3.5xl0'3 

1.6xl0"5 

1.6xl0-5 

9xl0-5 

3.0X10-4 

2.4X10-4 

3.3XI0"4 


Ratio  with  3914 
Ratio  with  3914 
Ratio  with  3914 
Ratio  with  3914 

Ratio  with  3914 

Ratio  with  3914 andBH(5,l  1) 

Ratio  with  3914 

Ratio  with  3914 

Ratio  with  3914 

Ratio  with  N2  (first  neg.) 

Ratio  with  4278,  from 
100  km  upward 
Ratio  with  4278,  from 
100  km  upward 

Branching  ratio  with 7319-30 

Branching  ratio  with  5577 

Ratio  with  4278 

Ratio  with  6300  OI 

Ratio  with  N|  (1st  neg.) 

Ratio  with  3914 

Ratio  with  3914 
Ratio  with  N2  (1st  neg.) 

Ratio  with  4278  N2 

Ratio  with  4368 

Protons  In  post  breakup 
display 

Ratio  with  3914 
Ratio  with  4709 
Proton  component  in  aurora 
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i 


Wavelength 

A 

Transition 

Fluorescence 

Efficiency 

5200 

NI2D-4S 

3.3x10"® 

6.6X10-4 

5577 

oi’s-'d 

4.2x10"3 
3. IxlO"3 
3.9xl0-3 
8.3xl0-3 
(6±2)x10‘4 

2.0x10-3 

5893  No 


^300  Oi’d-3P 


6364 

6563 

7319-30 

7036-15, 

748 

7684- 

8598 


OI  'd-3p 

Ha 

o  n  2p-2d 

Nj  Melnel  bands 

A2n-X2E 

O2  atmospheric  bands 
b'E-X3E 

Oj  (1,1)  atmospheric 
Oo  Infrared  atmospheric 
alA-X3E 


BxlO-4 

4x10^ 

7xl0-3 

5.6X10"4 

1 .2x10“^ 

4.5xl0“3 

1 .5x10"^ 


5xl0"3 

3x10^ 

8x10^ 


5296- 

O?  (1st  neg.)  bands 

2x10“* 

6419 

b4£-a4Il 

7774 

O  1  5p-5s 

2.5X10"4 

8446 

O  I  3P-3S 

3.7X10-4 

10400 

N  I  2P-2D 

2x10"3 

Ratio  with  4278 

Ratio  with  4278  soft  particles 

Ratio  with  3914  (Kp  =  1) 

Ratio  with  3914  (1C  =  4±2) 
Ratio  with  4278 
Ratio  with  3914 
Electrons  from  rockets, 
ground-based  photometer 
Ratio  with  4861  In  proton  arc 

Upper  limit  and  applicable 
only  to  low-lying  displays 
such  as  type  B  auroras 

Ratio  with  4278 
Ratio  with  3914  j 

Ratio  with  4278  soft  particles 
Ratio  with  4861  In  proton  arc 

Branching  ratio  with  6300 

Proton  and  Haln  proton  arc 

Ratio  with  5577 


Ratio  with  (1st  neg.) 

Ratio  with  N2  (1st  neg.) 
Ratio  with  5577  (17) 
Ratio  with  Nj  (1st  neg.) 

Ratio  with  (1st  neg.) 


Ratio  with  5577 
Ratio  with  5577 
Ratio  with  5577 


TRANSMITTANCE  (percent) 


Figure  C.  2-8.  Transmittance  of  optical  materials 
used  in  infrared  detection  systems.  (Source:  S) 


Figure  C.2-9.  Transmittance  of  optical  materials  used 
used  in  infrared  detection  systems.  (Source:  S) 


P(  watts  Hz-i  steradian" 


Figure  D.  1-1.  Power  per  electron  vcrsuB  frequency  with 
electron  energy  as  a  parameter.  (Source:  E-7,  Figure  3) 
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Figure  D.  1-2.  Power  per  electron  versus  electron  energy 
with  frequency  as  a  parameter.  (Source:  E-7,  Figure  4) 
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Figure  D. 1-3.  (Continued) 


LOG  POWER* DENSITY  (P„(y  /Hz)) 
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M(MeV  gauss"1)  =  f^/Br 


electrons 


protons 


pZ/2m  = 
r 
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0.5  1.0  l.S  2>0 

(  ELECTRON  SCALES  IN  MeV 
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.  D.l-5.  Magnetic  “  * 

,n  of  kinetic  energy.  (Source. 


Table  D .  1-1.  Radar  bands 


60,000-100,000  4000 


INCREMENTAL  ABSORPTION 
ELECTRON  DENSITY 


Figure  D.  2-2.  Incremental  absorption  caused  by  electron- 
neutral  and  lon-neutral  collisions  (ambient  atmosphere) . 
(Source:  E-5,  Figure  3) 


AL  ABSORPTION 


ELECTRON  DENSITY  (cm' 


Figure  D. 2-4.  Electron  density  required  to  produce  10  db/km 
incremental  absorption.  (Source:  E-5,  Figure  6) 
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ELECTRON  DENSITY  INTEGRAL  (cm' 


Figure  D.  2-5.  Integral  of  electron  density  and  absorption  up  to  100  km 
altitude  following  an  ionization  impulse.  (Source:  E-6,  Figure  1) 


-2 

(watts  cm  ) 

Figure  D.  2-6.  Integral  of  electron  density  and  absorption  due 
to  delayed  gamma  rays.  (Source:  E-6,  Figure  2) 
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ABSORPTION  (db)  ABSORPTION  (db) 


ELECTRON  Dl 


n.  (cm  sec  ) 


Figure  D.2-7.  Integral  of  electron  density  and  absorption 
due  to  beta  particles.  (Source:  E-6,  Figure  3) 
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Figure  D.2-8.  Integral  of  electron  density  and  absorption 
in  high-altitude  plasma.  (Source:  E-6,  Figure  4) 


Table  E. 1-1.  Constants.  (Sources:  R-App.  B;E-9;T-14) 


Atomic  mass  unit 

Avogadro  number 

Base  of  natural  logarithms 

Blackbody  emlttance 

Boltzmann  constant 

Density  of  air  at  sea  level 

Earth:  Magnetic  dipole  moment 


Earth:  Magnetic  field 

(mean  surface  equatorial) 


Earth:  Mass 
Earth:  Radius  (mean) 
Electronic  charge 


Electronic  mass 
Electronic  radius 


Escape  velocity  from  Earth' s 
gravitational  field 


Fine  structure  constant 
Gas  constant 


-94 

1.660  x 10  g 


23  -1 

6.0225  x  10  molecules  mole 


2.7183  (Ln  X  =  2.3026  Log  X) 


5.669  x  10"B  ergs  cm-2  sec-1  K  4 


1.3805  x  10"16  erg  K"1 


1.293  x  10"3  g  cm-3 


25  3 

8.07  x  10  gauss  cm 


0.312  gauss 


?7 

5.983  x  10£ 1  g 


,8 


6.371  x  10  cm 
,-19 


1.6021  x  10  *  coul 


4.803  x  10"10  esu 


9.109  x 10"28  g 


13 


2.  818  x 10 
11. 19  km  sec 


cm 

-1 


7.30  x 10 


-3 


1.987  cal  mole"1  K_1 


6. 95  x  10”1  cm"1  molecule"1  K_1 


3  -1  -1 

82.05  cm  atm  mole  K 


8.  61  x  10"8  eV  molecule"1  K  1 


8.3144  x  107  erg  mole”1  K"1 
1.38  x  10"18  erg  molecule”1  K  1 


1  K 


-1 


1. 987  x  10"3  kcal  mole"1  K  1 


8. 205  x  10”2  liter  atm  mole"1  K”1 
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Table  E.l-1. 

(Continued) 

Gravitational  acceleration 

-2 

980.665  cm  sec 

Gravitational  constant 

— 8  3  —1  “2 

6.668  x  10  cm  g  sec 

Loschmidt  number 

19 

2.69  x  10  molecules  cm 

Mechanical  equivalent  of  heat 

4.186  joules  (g-cal)~* 

Planck  constant 

-27 

6.6256  x  10  erg  Bee 

Proton  mass 

1.6724  x  10"24  g 

Rydberg  constant 

1.097  x  105  cm-1 

Solar  constant  (total  radiation 
flux  received  on  Earth) 

1.388  x  10  erg  cm-  sec" 

Sunspot  cycle  period  (mean) 

11.04  yr 

Velocity  of  light  in  vacuum 

2.99793  x  1010  cm  Bee-1 

Velocity  of  sound  in  air  at  STP 

331.7  m  sec-1 

ORDERS  OF  MAGNITUDE 


Order 

Prefix 

Symbol 

>-* 

O 

h- 

CO 

tera 

T 

io9 

glga 

G 

106 

mega 

M 

103 

kilo 

k 

102 

hecto 

h 

io1 

deka 

da 

io-1 

dec! 

d 

io-2 

cent! 

c 

io-3 

mill! 

m 

io-6 

micro 

M 

CJ 

I 

O 

nano 

n 

io-12 

pico 

P 

io-15 

femto 

f 

io-18 

atto 

a 

Table  E.2-1.  Conversion  factors. 
(Source:  R-App.  C) 


ALTITUDE 


km 

kft 

statute 

miles 

nautical 

miles 

1  kilometer 

1 

3.281 

0.6214 

0.5396 

1  kilofoot 

0.3048 

I 

0.1894 

0.1645 

1  statute  mile 

1.609 

5.280 

1 

0.8690 

1  nautical  mile 

1.853 

6.080 

1.1516 

1 

ANGLE 


minutes 

degrees 

radians 

revolutions 

1  second 

1.667  x  10-2 

2.778  x  10"4 

t 

4.848  x  10-6 

l 

7.72  x  10"8 

i 

• 

1  minute 

1 

1.667 x  10'2 

2.909 x  10-4 

4.63  x  10-6 

1  degree 

60 

*  s 

1 

1.745 x  10'2 

2.7 x  10-3 

1  radian 

3.44  x  103 

57.30 

1 

0.1592 

i 

1  revolution 

2. 16  x  105 

360 

6.283 

i 

25' 


ead  as  follows: 
livalent  to  3.  33 


Table  E.2-1-:  (Continued) 


LENGTH  (».  el  JO  Altitude,  Wouelengtlt)  ^ 
l - 1  meteri 


l  meter 

1  inch 

i  foot 


inch** 


3.937.  10-’  3.201  *  I0" 


.  iO 

1 

100 

2.540 

30.48 


3.937  x  10 


"5  3.281  x  10- 


)  .3937  3.281  x  10 


39.37 


2.54  x  10 
0.3048 


8.33  x  10' 


,  ..nenoetlcel  unit-  M«  «'»"""•• 

t  Bob,  unit  ■  5.2917  .  lO-^A - 


I 


1  gram 

l 

1  ounce 

28.35 

1  pound 

453.6 

1  ton 

5 

9.07  x  10 

3.53- IO'2  2.205.  10 


3.2  X  10 


6.25  X  10 

'! 

» 1 

2.0  x  103 


1 .10  x  10 


3.12  x  10 
5.0  x  10" 
1 


able  E.  2-1-  (Continued) 


log  P  (Psia) 


Table  E 


.2-1.  'Cl 


pressure 


l  atmosphere 

1  bar 

-2 

1  dyne  cm 

-2 

I  1  newlon  m 

I  1  Inch  U2° 
14*  C.) 

I  1  Psl 


1.0133 


14.70 

14.61 


0.9869 
9. 87  *  10 

9. 87  x  10 

i  2. 46  X  10 


1  1  in"5  7. 60  x  10-1* 

•7  ixlO'8  I1-46*  -3 

1  ,_-4  7  50  X  10 

,  X 10'6  I-451'10 

.3  1808 


51.72 


6.804  X  10 


"2  I  6.91  X  10 


1  torr-  1  mm  llgW-3^^ 


"3  1  1. 33  X  10 


-31  1.93  x  10 


react«-bate  constants 

Bimolecular:  20  mole'1  sec"  ) 

-1  -li  *  fl .  02  x  10 

k  (cm3mo>ecu»e  sec 

k  (Utet  mole  »eo  -1-1) 

0-18t»  k  (cm3  molecule 

Mppm'W1)^-27"1  „!  -l 

to"l6T  e  k  (cm3 molecule 
,  -Icec-1)  Xl.36xi0 

k  (ppm  7  ,  -Iflec-1)  at 

.  _  10-W  =  k  (cm3 molecule  sec 

klppm-W1)^*05  5410  .  i 

t  .  10-13T  .  k  (cmVoleeul.  see  ) 

kdorr-W1)*!-"4’11  , 

1  M  „  10-1’  -  k  (on.3n>olec»'e  «« 

kdorr-W1)^'94'1  ,t  1, 

.  .„-l’.k(em3moteool.  BeC 


1 

I 

Table  E.2-I.  (Continued) 

REACTION-RATE  CONSTANTS  (Conf'd.) 

Termoleculors  , 

k  (cm^molecule  ^sec  *)x  3.62  x  10^'  *  k  (llter^mole  ^sec  *) 

V  (llter^mole  ^sec  *)  x  2.76  x  10~^  ■  k  (cm^ molecule  ^sec  ') 
li  (ppm  ^mln  ')x5.l5x  10  ^T^  *  k  (cm^ molecule  ^sec  *) 
k  (ppm  ^sec  ')  x  1.85  x  10  ■  k  (em^molecule  ^sec  *) 

k  (ppm  ^sec  ')  x  1 .64  x  10  ^  a  k  (cm^ molecule  ^see  *)at25C 

k  (torr  ^sec  *)  x  1.08  x  10  »  k  (cm^molecule  ^sec  *) 

-2  -1  -34  6  -2  -1 

k  (torr  sec  )  x  8.05  x  10  =  k  (cm  molecule  sec  )  at  0C 

k  (torr  ^sec  *)  x  9.59  x  10  ^  ■  k  (cm^molecule  ^sec  *)  of  25 C 


TEMPERATURE 

T  (C)  =  T(K)-  273.16 
T(C)  =  (Y  (F)  -  323/1.8 
T  (C)  =  (T  (R)  -  491.7J/1.8 

T  (F)  =  1.8  T  (C)  +  32 
T  (F)  =  1.8  T  (K)  -  459.7 
T  (F)  =  T  (R)  -  459.7 

T  (K)  =  T(C)  +  273.16 
T  (K)  =  [T  (F)  -  32] /l. 8  +  273.16 
T  (K)  =  [T  (R)- 4?1.7] /I.8  +  273.16 

T  (R)  =  1.8  T(C)+  491.7 

T  (R)  =  T(F)  +  459.7 

T  (R)  =  1.8  [T(K)«  273.16] +  491.7 

1  C=  1  K  =  1.8  F  =  1.8  R 
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Table  E.2-1.  (Continued) 
TEMPERATURE  CONVERSION  CHART 


Table  E.2-1.  (Continued) 
TIME  CONVERSION  CHART 


Table  E.2-1.  (Continued) 


TIME 


secs 

mins 

hrs 

days 

1  shake 

1  second 

1  x  l(f 8 

1* 

1.667  x  10"2 

' 

2.77  x  10~4 

1.16  x  10-5 

1  minute 

60 

1 

1.667  x  10-2 

-4 

6.94  x  10 

1  hour 

3600 

60 

1 

4.167  x  10“2 

1  day 

8.64  x 104 

1.44  x  103 

24 

1 

VELOCITY 


,  -1 

1  cm  sec 

= 

2.237  x  10-2  mi  hr-* 

,  »  -1 

1  ft  sec 

= 

30.48  cm  sec-* 

1  ft  sec-* 

f 

0. 6818  mi  hr-* 

1  knot 

= 

1  nautical  mi  hr-* 

1  knot 

= 

51. 8  cm  sec-* 

1  knot 

= 

1.689  ft  sec-* 

1  mi  hr-* 

= 

44.70  cm  sec-* 

1  ml  hr-* 

_ 

1.467  ft  sec-1 

26' 


Table  E.2-1.  (Continued) 

WAVELENGTH-ENERGY  CONVERSION  CHART 
(LOW  RANGE) 


LOG  E  (kcal  mole'1) 


Table  E. 2-1.  (Cont 

WAVELENGTH-ENERGY  CON 
(HIGH  RANGE 


LOG  E  (erg) 


Table  E.2-1.  (Continued) 


3*0 


(•"'ll  aoiuirw 


LOG  NUMBER  DENSITY  (CM  ) 

THE  DAYLIGHT  ATMOSPHERE  -  1969 

(SOURCE:  B)  (REFERENCES:  M.H.  BORTNER  AND  R.H.  KUMMLER,  GENERAL  ELECTRIC  REPORT 
GE-9500-ECS-SR-1  (1968);  AND  H.C.  BRINTON  et  a!.,  J.  GEOPHYS.  RES.  74,  2941  (1969).  ) 


